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ABSTRACT 

Statistics on the allotment of funds and descriptions 
of activities carried out under the auspices of the National Science 
Foundation (NSF) in 1972 are reported. Details are provided for 
activities in the categories of (1) research pro ject support^ (2) 
national and international programs^ (3) research applications^ (4) 
science education research and programs ^ and (5) institutional 
programs. Among the appendices are a listing of staff, advisory 
committee, and panel members; details of organization changes and 
appointments^ a financial report for 1972 r a description of patents 
resulting from NSF-supported activities^ and a publications list, 
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About 100 years ago, Henry Le Chatelier studied 
the thermodynamic behavior of disturbed systems. 
He noted that a stable system which has one of its 
conditions changed will adjust other conditions in the 
system so as to accommodate the change. Social 
systems tend to behave similarly. The National 
Science Foundation, as any other social system, also 
adapts in the face of change to reach a preferred 
state of equilibrium. In a way, the Foundation's 
record of the past year may be thought of as a search 
for new and better balances. Balance may be static, 
but the i^earch for it is dynamic, and we engage in 
a continuous process of maintaining or adjusting 
ongoing programs, eliminating programs which have 
served their purpose, and initiating new programs to 
meet changing priorities. 

We start from the proposition that the principal 
and unique mission of the NSF is to foster the health 
of science in the United States. To fulfill that policy, 
we help scientists search for answers to unresolved 
questions about nature and its laws and we support 
disciplinary research needed for future research appli- 
cations and technology. We seek to maintain a base 
of scientific competence in all fields of science and 
to improve our national research capabilities by help- 
ing to modernize instrumentation and other facilities. 
During fiscal year 1972, obligations for scientific 
research projects, National and Special Research Pro- 
grams, and National Research Centers amounted to 
more than $374.2 million, or 60 percent of the 
total funds obligated by NSF. This represented an 
increase of $106-.8 million over the previous fiscal 
year. 

A scientist engaged in scientific research does so 
primarily to gain a fuller understanding of the 
subject studied. His interest may stem from a great 
variety of reasons. To cite a specific example, one 
such reason might be the observation of some pattern 
of periodicity which attracts his attention and 
curiosity. Some highlights from this year's Armual 
Report of the NSF will iUkastrate this particular 
stimulus to scientific research.. 
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For many years wc have known chat a variety of 
changes in the terrestrial upper atmosphere, particu- 
larly magnetism, recur regularly. Many such changes 
come about every 27 days — the solar period of 
rotation — and are believed to be due to particle 
beams coming from little-known sources on the sun 
known as "M-regions." Efforts to trace the particle 
beams to their solar origin had been unsuccessful 
until now because of the magnetic fields of the sun's 
corona and the spiral paths followed by the particles 
in interplanetary space. From studies completed this 
year, it now appears that "M-regions" are not cor- 
related with solar activity per se, but are related 
instead to local changes in the coronal plasma. Above 
magnetically complex active regions, the lines of 
magnetic force are closed, while above simple "quiet" 
regions, the lines of force are more open and allow 
an outward flow of gas. 

Periods of pulsation have also been used to tell us 
something about distances in space and the problem 
of galaxy development; Since the early 1900's, 
astronomers have used pulsating stars to serve as 
brightness standards of space distance. These stars 
expand and contract with a rhythmic regularity, and 
as the dimensions of the star change there are corre- 
sponding periodic changes of color and luminosity. 
In short, the brighter the star, the longer the pulsation 
period. From this relationship, it is possible to more 
accurately calculate the distance between the star 
and the earth. Pulsating stars which have a period 
of less than a day, called RR Lyrae stars, have been 
investigated at the Cerro Tololo Inter-American 
Observatory in Chile, and two discoveries have been 
made. First, thanks to better access to the southern 
heavens at the Gerro Tololo observatory where the 
large Magellanic Cloud can be observed, we have 
bee.n able to correct previous determinations of RR 
Lyrae periodicity and improve our estimates of 
galactic distances. Second, astronomers have found 
some RR Lyrae stars outside our galaxy with a much 
smaller spread in their period-luminosity relation 
than the same types of stars in the Milky Way 
system where we are located. Since the spread in 
RR Lyrae stars of our galaxy is attributed to varia- 
tions in* the abundance of elements heavier than 
helium — an indication of enrichment through suc- 
^ cessive generations — the smaller spread in the RR 
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Lyrae stars observed outside our galaxy is interpreted 
to indicate a narrow range of age, i.e., a single 
generation. 

When we turn to periodic motions on earth, we 
find that notable progress was made last year toward 
deciphering the complex motions of die sea, particu- 
larly the familiar oscillation of tlie tides. It has ncnv 
been concluded that the North Atlantic Ocean has a 
natural vibration period of 14.<S liours. In addition, 
tidal dissipation rates have been sho\vn to be ere- 
tremely high, particularly along the continental 
margin. Knowledge of resonanci: periods and dissipa- 
tion rates are vital for oceanographic studies anc at 
the same time are potentially useful for predicting 
storm tides. 

The study of periodicity in space, the upper atmos- 
phere, and oceans described above arc all motivated 
by the desire to.understand natural phenomena. But 
sometimes investigations of periodicity seek more 
than understanding. They deliberately seek utility, 
in contrast to the work on tides mentioned before 
which has a potential practical value only incidental 
to the main thrust of the research. A good example 
of utility-oriented research is to be found in NSF- 
supported investigations of chemical process dynamics 
which are typical of the petroleum and chemical 
industries. In this case, the object is not so much 
to explain regularly recurring phenomena, but to 
put them to use. By deliberate pulsing and cycling 
of operating conditions, using specialized computa- 
tional equipment for modeling and simulation, 
dramatic improvements in plant performance and 
efficiency may be possible. 

Research, whether basic or applied, is not limited 
to studies of periodic phenomena, of course. For 
example, it may be focused on specific areas of 
societal concern as in the case of the Research Applied 
to National Needs (RANN) Program. In this pro- 
gram, more direct and explicit consideration than in 
our programs of scientific research is placed on 
improving our ability to deal effectively with social 
and environmental problems and on exploration of 
technological opportunities that can lead to improve- 
ments in economic growth and productivity and to 
new products and services. 

In fiscal year 1972, the RANN Program reached 
a budget level of $53.S million — more than 50 



percent higher than the previous year when it was 
established. During this period, the RANN Program 
represented 9 percent of the total funds obligated by 
NSF. With these augmented resources, research is 
being focused across a broad range of projects with 
principal emphasis on three problem areas. The first 
is energy, because of its importance to national pro- 
ductivit)^ and economic growth, environmental con- 
cerns, and the decline in reserves of preferred fossil 
fuels. Energy studies supported by RANN have: 

• Provided a start toward a complete picture of 
the present and prospective U.S. energy prob- 
lem; and 

• Identified energy research completed, under 
way, or still to be done in order to cope with 
this problem. 

Regional environmental systems are a second 
major focus of RANN because of their importance 
for the maintenance of life in terms of available 
natural resources. Although the studies of environ- 
mental systems in coastal areas, river basins, urban- 
rural and semiprimitive areas are aimed at the 
problems of specific regions, it is expected that the 
results can also be transferred to similar regions and 
problems elsewhere. 

The third major thrust within the RANN Pro- 
gram relates to municipal systems and services. Tlie 
population movement from farm to city has been 
called the silent revolution. As city and suburban 
populations grow and as people relate to one another 
through a network of increasing complexity, it be- 
comes ever more urgent to analyze municipal prob- 
lems systematically. Among these problems are 
delivery of municipal and social services in communi- 
ties of varying sizes and in rural as well as urban 
settings. Here, as in the case of environmental 
systems, we expect that useful results from one city 
can be used by other cities faced with similar 
problems. 

RANN is in a youthful phase of development as 
a program. Synthesis of available information takes 
time, and the determination of present day concen- 
trations of pollutants and trace compounds in the 
environment requires patient and careful effort. 
Predictive models have to be debugged and tested, 
and policy alternatives assessed. We have some useful 
Q results, but much remains to be done. 
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From the point of view of science education, 
critical changes have taken place in the social en- 
vironment. These changes include the movement 
toward a service-oriented societ}', the increased desire 
by greater numbers of students to broaden their edu- 
cational experiences and career options, and the need 
to enhance the versatilit}' of our scientific and tech- 
nological manpower. To cope with th( ^e problems, 
a significant restructuring and reviral:; ation is under 
way in the Foundation's science education program, 
with particular emphasis on research and develop- 
ment in science education. Support for NSF educa- 
tion programs, excluding graduate student support, 
remained fairly steady, amounting to S65.() million 
in fiscal year 1972 — about 10 percent of the total 
NSF obligation. 

We will continue our long-practiced efforts to 
improve course content, curricula, and instructional 
methods. These efforts \/ill concentrate, however, 
on projects which are problem rather than discipline 
oriented, and which place special weight on what 
the student rather than the teacher does. We seek 
flexibility by giving priorit}^ to course and curriculum 
projects which can be fitted, unit by unit as conditions 
permit, into existing educational niches. Similarly, 
we are most interested in the development of new 
training alternatives at the graduate level, particu- 
larly where practical experience can be built into the 
educational program. 

Obviously, benefits can only flow from these 
efforts if professional educators are informed about 
them and can choose educational options wisely. 
Institutes of various kinds are maintained for this 
purpose, as is the NSF support for improving the 
initial training for those preparing to become teach- 
ers. In order to extend the benefits of new develop- 
ments as widely as possible, we are also engaged in 
experimental pilot programs for the improvement of 
science education on a statewide or school system 
basis. 

Educational experiments are also beginning in a 
variety of large-scale projects which could result in 
major changes in the way undergraduate science is 
taught. With Foundation support, the Illinois Insti- 
tute of Technology is replacing traditional class- 
room lectures by a program of project-oriented 
studies; and at the Worcester Polytechnic Institute, 



traditional course and degree requirements for an 
entire college have been eliminated and students are 
required instead to show competence in a field by 
completing study projects and undergoing a compre- 
hensive evaluation. 

Computer-assisted instruction in the classroom 
advanced under a vigorous program of development 
and testing. Such instruction offers promise of both 
higher qualit}' and less expensive education for 
many sectors of our society. 

As indicated before, our search for an effective 
balance sometimes requires that programs be elimi- 
nated which have served their purpose. Back in 1 964, 
NSF began a program of graduate traineeships to 
add to the flow of highly talented individuals seeking 
science degrees. This program — now being phased 
out — has provided support for more than 35,000 
man-years of graduate study. 

Two new programs not described in the body of 
the NSF Annual Report because only preliminary 
planning and discussion took place during fiscal year 
1972 deserve mention. I refer to the programs of 
Experimental R&D Incentives and National R&D 
Assessment. Through the Experimental R&D Incen- 
tives Program we hope to learn how to help create 
an environment in which invention and innovation 
can flourish. To do this we anticipate experimenting 
— on a small scale — with actual modifications of the 
institutional or incentive structure involved in tech- 
nological innovation. Participants in this program 
will be expected to identify known or suspected 
blockages of the overall innovation process and to 
propose experimental changes by which the impor- 
tance of the blockages can be ascertained and methods 
of alleviating them tested. 

The companion National R&D Assessment Pro- 
gram represents a new effort to meet the needs of 
policy-makers concerned with how science and tech- 
nology contribute to the achievement of national 
goals and well-being in the broadest sense. In this 
program, national R&D patterns, incentive structures, 
and decision points will be analyzed and the implica- 
tions of alternatives will be assessed. 

The exchange and accessibility of scientific knowl- 
edge is an essential element of the total scientific 
enterprise, and the Foundation has become a focal 
point in the Federal Government for science com- 



munications activities on both a national and global 
basis. To meet these new responsibilities — under- 
taken at the request of the President's Office of 
Science and Technology — the science information 
activities of the Foundation have been reoriented to 
concentrate more closely on the needs of the users. 

Leadership responsibilities for NSF take on a 
variet}' of forms. The Federal Q)uncil for Science 
and Technology has assigned to the Foundation the 
responsibility to coordinate, nationally and inter- 
nationally, the U.S. effort related to the 1973 solar 
eclipse. This eclipse will be the most favorable for 
scientific research for the remainder of this century. 
The most suitable viewing sites are located in north- 
western and eastern Africa, and contacts have been 
made with representatives of foreign countries and 
international scientific union representatives regard- 
ing U.S. needs for studying the eclipse. Through these 
and other coordinating efforts with interested Federal 
agencies and private groups, scientists will be able to 
take full advantage of the approximately 7 minutes 
of total eclipse in order to observe solar features 
otherwise masked during full daylight. 

In still another remote area, the polar regions, 
NSF fulfills significant management and coordination 
responsibilities. Beginning in fiscal year 1972, the 
NSF has been funding the entire U.S. program in 
Antarctica, except for icebreaker support. In the 
Arctic region, where many Federal agencies conduct 
research programs, NSF chairs an interagency coordi- 
nating committee and in different ways coordinates 
and extends U.S. research efforts in the Arctic. 

Sometimes the solution to scientific problems re- 
quires concerted efforts on a broad front, as was 
recognized in the establishment of some of our 
national and special research programs. An example 
is the International Decade of Ocean Exploration 
(IDOE), in which scientists from many universities, 
often in cooperation with colleagues from other 
nations, joined forces in an unprecedented long-term 
study of the forces, the contents, and the influences of 
the ocean realm. Preliminary results from IDOE 
studies of the continental margin off the west coast 
of Africa have identified several large geologic struc- 
tures with great potential for future petroleum ex- 
ploitation. In the Ocean Sediment Coring Program, 
the drilling ship Glofnar Challenger continued its 



eminently successful probing of the ocean floor. 
Among the recent highlights of this operation is the 
delineation of the complex movements of continents 
and sea floors in the Indian Ocean area. 

Responsibility is not always the result of a formal 
designation or agreement. Sometimes, as in the case 
of the establishment of the Materials Research Divi- 
sion, it is the consequence of a series of actions 
designed to strengthen all parts of an endeavor. As 
a result of assuming sponsorship of a dozen materials 
research laboratories (founded by the Advanced 
Research Projects Agency of the Department of 
Defense) and the National Magnet Laboratory 
(founded by the Air Force) and grouping several 
research s'upport programs from elsewhere in the 
Foundation, the new division will be responsible for 
more than 50 percent of the Federal support for 
materials and solid state research at U.S. educational 
institutions. 

The circumstances under which NSF is called 
upon and responds to the demands made upon it 
reveal much about the character and goals of the 
agency. As mentioned before, the NSF is the sole 
agency of the Federal Government for which the 
support of basic research is the principal and mosr 
important mission. As such, it has a flexibility which 
allows it to range broadly, free of the operational 
limitations which are imposed on other agencies 
by statute. In carrying out its functions, the NSF 
emphasizes the concepts of coordination and support. 
The Foundation gets things done through and with 
others rather than attempting to do a job by itself. 
In other words, we try to provide the means whereby 
something important can be done; and we try to 
keep people from duplicating the work of others 
by helping them act together in a concerted way and 
keeping the channels of scientific communication 
open. 

This statement highlights the cumulative impact 
of the many changes and activities which have taken 
place at NSF during the previous year. To sum- 
marize these, the NSF has: 

— ^Strengthened fundamental research to broaden 
the base of understanding in all scientific fields 
and disciplines and provided support for impor- 
tant research no longer within the program 



priorities of other agencies. Particular emphasis 
has been given to the biological sciences, cnp- 
neering, chemistry, oceanography, and the social 
sciences. 

— Expanded research focused on economic, en- 
vironmental, and social problems. Results of 
such research will be useful in eff^orts ro improve 
economic growth and productivity, enhance 
environmental quality, and improve U.S. capa- 
bilit}^ to deal with social issues. 

— Redirected its science education programs to 
broaden the spectrum of students benefiting 
from NSF programs and increase the career 
options of science graduates. 

— Increased and improved the exchange of scien- 
tific knowledge nationally and internationally 
for the benefit of the United States. 

Having done all this and more, we are still con- 
fronted with the question of whether a new and 
better balance has indeed been reached at the end 
of the year. Obviously, much analysis, careful assess- 
ment and judgment, by many people, especially the 
National Science Board, are involved in the decisions 
which led to where we are now. But no matter how 
carefully reasoned, well-intentioned, and sound the 
decisions might have been, no course of action appears 
"balanced" to everyone. How then to judge? It is 
my view that any time we are not investing in a 
reasonable proportion of basic science, we are neglect- 
ing the long-term interests of science and the nation. 
Any time we are not using to the maximum the 
scientific knowledge we have already uncovered, we 
are neglecting the short term. In science education 
we need to invest a reasonable proportion in curricula, 
in teaching methods, and in the upgrading of people 
throughout the education chain. At the same time, 
we have to prepare for a future with diff^erent kinds 
of students who have a wide range of needs in science 
education. We have to find ways of providing con- 
tinuing educational opportunities outside the formal 
educational system for this country's technologically 
based society. 

Obviously, the application of such criteria does 
not yield an incontestable, single answer. Those to 
whom we are accountable will make the necessary 
judgment. They can do so with the knowledge that 



\vc do not stand rigidly on a previously accepred 
doctrine, nor are we locked into positions that prevent 
us from adjusting our current state of balance. On 
the contrary, as this statement has highlighted, we 
are sensitive to the prospect for change where needed 
and alert for communications which tell us what the 
American people want and expect from the scientific 
community. So, too, are we receptive to judgments 
from the scientific community as to emerging research 
areas of great yield. We receive this information 
from many different sources, and it must be assessed 
and reconciled. 



For these and other reasons, it is necessary that 
many of our changes be incremental and tailored 
closely to circumstances. Concurrently, we remain 
alert for the chance to apply useful leverage through 
new initiatives -;\'hich may be useful in the solution 
of current societal problems. In this way, wc can 
sustain the movement and momentum of the agency 
toward its statutory goals, and a new balance which 
is in equilibrium with its changing environment. 
This, I believe we have done as the record of the 
Annual Report indicates. This, we will continue to 
tr)^ to do in the future. 
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One of the major responsibilities of 
the National Science Foundation is to 
support and strengthen fundamental 
research in all fields of science. The 
Foundation has provided and will con- 
tinue to provide strong support for 
fundamental research in the biological, 
physical, mathematical, environmental, 
social, and materials sciences, and in 
engineering. The Foundation fulfills 
this responsibility by supporting efforts 
of individual scientists and engineers 
in their search to resolve scientific 
questions concerning basic life pro- 
cesses; natural laws and phenomena; 
complex factors influencing man's en- 
vironment; and the physical, psycho- 
logical, and other forces determining 
the individual behavior of man as well 
as the collective behavior of his soci- 
eties. Within NSF, the Research Direc- 
torate has the principal role in provid- 
ing the dynamics and organization .of 
this support. There are two principal 
mechanisms by which it does this: 

• Grants to academic institutions in 
support of individuals or small 
groups of scientists doing re- 
search considered to have out- 
standing potential for the develop- 
ment of new scientific knowledge. 

• Grants in support of programs 
such as the International Biologi- 
cal Program and the Global 
Atmospheric Research Program. 
(These programs are described 
with other national programs on 
pages 36- 39). 

Support is also provided to assist in: 

• Obtaining specialized research 
equipment, instrumentation, and 
research facilities. 

• Defraying the costs of travel for 
individual scientists attending se- 
lected scientific conferences. 

• Convening conferences and sym- 
posia. 

• Supporting dissertation research 
in the social sciences and certain 
other sciences involving exten- 
sive field work. 

Research Project Support 

The support of basic research in the 
United States has gone through sig- 
nificant adjustments in the past few 



years as a consequence of changing 
national priorities. During fiscal year 
1972, by virtue of a special increase 
in its appropriation, the NSF was able 
to respond to this problem by increas- 
ing its support of research by an ap- 
preciable fraction of the amount cut 
back by other agencies. By this action, 
the executive branch and the Congress 
moved in concert to minimize the 
adverse impact upon the nation's 
strength in the basic sciences of a 
number of program changes by agen- 
cies whose support of basic research 
must, of necessity, be kept rather 
closely attuned to shifting mission re- 
quirements. This adjustment was made 
in all affected science disciplines. 

In fiscal year 1972, the Foundation 
awarded S,6SS grants amounting to 
$ 24 2. S million for the support of 
individual research projects. Compar- 
able figures for fiscal year 1971 were 
4,49S grants for a total of $180.3 
million. The distribution, number, and 
amount of grants according to field 
of science for fiscal years 1970, 1971, 
and 1972 are shown in table 1. Grants 
were awarded to 4 71 institutions, 
including 326 colleges and univer- 
sities, in all 50 States, the District of 
Columbia, and Puerto Rico; 94 per- 
cent of the funds went to academic 
institutions. Of these, 23 2 received 
two or more research grants, and 130 
received $200,000 or more. Table 2 
shows the average distribution in fiscal 
year 1972 for approved cost items on 
the 5,6 58 research grants^ 

Specialized Research i^ACiLn'iES 
AND Equipment 

In fiscal year 1972, the Foundation 
awarded $6.0 million to institu- 
tions to assist in the purchase of 
specialized facilities and equipment in 
biology, astronomy, earth and atmo- 
spheric sciences, physics, chemistry, 
engineering, materials sciences, and 
the social sciences. (Computing and 
oceanographic facilities are discussed 
in the chapter on National and Inter- 
national Programs.) Table 3 shows the 
distribution of funds over a 3-year 
period. The nature of this support for 
specialized equipment and facilities is 
illustrated by the following examples. 
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Table 1 
Scientific Researcli Projects 
Fiscal years 1970, 1971, and 1972 

(Dollars in miliions) 





Fiscal 


year 1970 


Fiscal yea- 1971 


Fiscal year 1972 




Number Amount 


Number 


Amount 


Number 


Amount 


Physics 

Elementary Particle Physics 

Nuclear Physics ... 
Atomic. Molecular & Plasma 

Physics - 

Theoretical Physics 

Gravitational 




$11.24 
6.46 

2 72 
3i34 
. 0- 




$11.60 
9.42 

2.75 
2.72 
- u - 




$13.69 
10,92 

. 3.20 
3.27 
1.25 


Subtotal 


245 


28.18 > 


290 


26.49 


267 


32.33 


Chemistry 

Synthetic Chemistry 

Structural Chemistry 

Quantum Chemistry 

Chemical Dynamics 

Chemical Analysis 

Chemical Thermodynamics . . 
Chemical instrumentation . . . 




4.05 
2.80 
3.40 
3.58 
1.71 
1.86 
•0- 




4.27 
3.07 
3.50 
3.52 
1.81 
1 77 
1.70 




5.00 
3.01 
4.05 
4.10 
2.75 
2,25 
1,69 


Subtotal 


449 


17.40 


488 


19.64 


593 


22.85 


Astronomy 

Solar System Astronomy 

Stars and Stellar Evolution 
Stellar Systems and Motions . 
Galactic and Exlragalactic 

Astronomy 

Astronomical Instrumentation and 

Development 




.58 
1.45 
.77 

1.26 

1.74 




.45 
1.59 
.52 

3.17 

.94 




.50 
1.77 
.57 

3.96 

.95 


Subtotal 


108 


5.80 


135 


6,67 


131 


7.75 


Mathematical Sciences 
Classical Analysis and Geometry . 
Modern Analysis and Probability 

Algebra 

Topology and Foundations 

Applied Mathematics and Statistics 
Special Projects 




4.34 

4.49 

3.83 
-0- 




2.22 
2.36 
2.49 
2.22 
3.06 
.59 




2.61 
2.62 
2.98 
2.27 
3.27 
.0 . 


Subtotal 


489 


12.66 


535 


12.94 


693 


13.75 


Biological Sciences 

Cellular Biology 

Ecology and Systematic Biology . . 

Molecular Biology 

Physiological Processes ' 

Neurobiology .... 

Psychoblology 




8.68 
8.60 
9.76 

9.S3 
•0* 

4.30 




8.92 
8.86 
9.95 
8.89 
4.05 
3.60 




11.80 
10.21 
12.45 
9.93 
4.40 
4.00 


Subtotal 


1,072 


40.87 


?,369 


44.27 


1,620 


52.79 


Atmospheric Sciences 

Aeronomy 

Meteorology 

Solar-Terrestrial 




1.69 
3.95 
2.28 




2.35 
4.73 
2.36 




3.19 
5.33 
2.90 


Subtotal 


118 


7.92 


143 


9.44 


211 


11.42 


Earth Sciences 

Geology ^» 

Geochemistry 

Geophysics 




1.42 

3,07 
3.36 




1.64 
3.05 
3.43 




1.75 
3.72 
3.91 




169 


7.85 


225 


8.12 


253 


9.38 


Oceanograohy 

Physical and Chemical 

Submarine Geology and 
Geophysics 




2,07 

3.18 
3.66 




2.70 

3.36 
3.92 




3.95 

4.12 
4.38 




218 


8.91 


235 


9.98 


268 


12.45 


Engineering 

Engineering Chemistry 

Engineering Energetics 

Englneerins Mechanics 

Electrical sciences 

and Analysis 

Special Engineering 




2.83 
2.86 
6.S5 

.0* 

1.17 




3.04 
2.79 
5.77 

1.48 
1.02 




7.37 
10.12 

6.89 
•0. 


Subtotal 


463 


16.70 » 


385 


14.10 


634 


24.38 



Table 1--Con1inued 
Scientific Research Projects 
Fiscal Years 1970, 1971, and 1972 
(Dollars in millions) 



Fiscal year 1970 



Fiscal year 1971 



Number Amount 



Number Amount 



Social Sciences 

Anthropology - 

Economics 

Economic and Social Geography .. 
Soclolow 

Social psychology - 

Political science . - . 

History and Philosophy of Science 

Special Projects 

Law and Social Science 

Geography 

Social Indicators . - _ 

Subtotal .. 



?3.47 
4.35 

•Q. 

1.68 
1.68 
1.19 

.83 
1.74 
•0. 

.48 
-0. 



3.56 
4.56 

.65 
1.21 
142 

.77 

.76 
2.10 

.69 
.0- 
1.94 



459 



15.42 



484 



17.66 



Fiscal year 1972 



Number Amount 



613 



$ 3.80 
5.20 
.80 
2.10 
2.10 

2.77 
.90 
•0. 

2.05 



22.07 



Materials Research ^ . 

Engineering Materials -0- 4.01 6.58 
Solid State and Low 

Temperature Phvslcs -0- 5.72 9.od 

Solid State Chemistry and „ 

Polymer Science . -0- .93 2.U7 

Materials Research Laboratories . -0- -0- 12.80 

National Magnet Laboratory - 0 • 2.28 

Subtotal -^O- ^ 206 11^06 375 33,39 

Total 3,790 $16171 4,495 $180.37 5^658 $242.56 

' Includes Solid State and Low Temperature Physics of $4.42. & includes Engineering Materials of $3.29. 



Table 2 

Scientific Research Projects, Average Distribution of Funds by Type of Expenditure 

Fiscal Years 1970, 1 971> and 1972 

Fiscal year 1970 ~Flscal year 1971 Fiscal year 1972 

Percent Percent Percent 

Amount of total Amount of total Amount of total 

Professional Personnel ^ ,^ ^ ^ « ffeio>i i/i i 

Faculty $ 6,758 15.4 t 6,560 15.0 $ 6,194 14.1 

Research Associates 2,940 6.7 2,668 6.1 2,987 6.8 

Research Assistants 6,275 14.3 5,510 12.6 4,877 11.1 

Other Professional 2,150 4.9 2,274 5.2 2,065 4.7 

Total Professional Personnel 18,123 41.3 17,012 38.9 16,123 36.7 

Other Personnel 3,467 7.9 3,499 8.0 3,383 7.7 

Fringe Benefits 1^92 3.4 1,618 3.7 1,757 4.0 

Total salaries and Wages .. 23,082 52.6 22,129 50.6 21,263 48.4 

Permanent Equipment 2,677 6.1 2,756 6.3 2,724 6.2 

Expendable Equipment and . . 

Supplies . ■ 3,028 6.9 3,149 7.2 2,900 6.6 

Travel 1.273 2.9 1,356 3.1 1»318 3.0 

Publication and Printing . . . 658 1.5 612 1.4 , 615 1.4 

Computing Costs ... 1.360 3.1 1,356 3.1 1.186 2.7 

Other Costs 2,019 4.6 2,536 5.8 3.778- 8.6 

Total Direct Costs 34,097 77.7 33,894 77.5 33,784 76.9 

Indirect Costs 9,786 22.3 9,840 22.5 10,148 23.1 

Total Average Grant $43,883 100^0 $43,734 imo $43,932 100.0 
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Fiscal year 1972 



Number Amount 



Table 3 

Specialized Research Facilities and Equipment 
Fiscal Years 1970, 1971, and 1972 
(Dollars In millions) 

Fiscal year 1970 Fiscal year 1971 
Number Amount Number Amount 

Astronomy""""" "^^ "T.TIZT.I.Z 5'~$Tl9d ■3"^2'50~' 

Atmospheric Sciences . . .. 4 .199 5 .290 

Biological and Medical Sciences .... 11 .918 22 .904 

CherPlStry 63 1.697 58 1.700 

Earth Sciences 3 .103 2 .121 

Engineering 28 .600 30 .752 

Oceanography i« } -9?' 

Physics \ 12 2.499 5 1.444 

Social Sciences . . ■ i .298 6 .272 

Materials Research ■ '11 

Total 127 $6,504 131^ $5^00 

1 Included liirNational and Special Research Programs In Fiscal Year 1970. 



4 
7 

24 

40 
4 

31 
5 
4 
6 

17 



$ .253 
.287 
1.214 
1.673 
.100 
.625 
.100 
.949 
.386 
.425 



142 $6,012 



As a result of growing cntlvsinsm 
by researchers in several ficl(is other 
than physics to use synchrotron radia- 
tion in their experiments, existing fa- 
cilities for such radiation use were 
expanded. These facilities provide a 
unique source of intense and continu- 
um X-rays which are of significant 
value to solid-state physicists, chem- 
• ists, and atmospheric scientists, and 
which promise in the near future to 
be of use to biologists and radiolo- 
gists as well. At this type of special- 
ized facility, such varied projects are 
carried out as the study of photoemis- 
sion spectra of metals with chemi- 
sorbed molecules (important in under- 
standing the mechanism of chemical 
action on surfaces of all types), 
exciton fluorescence measurements on 
aromatic compounds, and photoabsorp- 
tion cross section measurements for 
important atmospheric gases. 

Another area where equipment and 
facilities were improved is in the field 
of noise research, NSF grants will 
make possible continued and expand- 
ed investigations in acoustical attenu- 
ation, the ciSirct of transient noise on 
the auditor} mtem, and research on 
environBnent»l noise created by vari- 
ous somsccs Niiwicda as residential air 
conditioncK^ :<iwwl engines, jet en- 
gines, turbines, nms, air-moving de- 
vices, compiftttwtTfi, and traffic noise. 
This area of tiexeaxch has been increas- 
ing in impoctance as population den- 
sity and societal stresses increase and 
environmental issues gain priority in 
public attention. 

A low temperature hydraulic flow 
facility at the University of Iowa, 
constructed 2 years ago, has been 
Continuously used with outstanding 
results on a number of basic and ap- 
plied studies involving various hy- 
draulic engineering characteristics of 
ice and ice formation. One study 
probed the stability of turbulent flows 
past freezing and melting ice bound- 
aries and the attendant formation of 
ice ripples and their effects on flows 
in ice-covered rivers. A part of this 
research won the international 1971 
^•^-"ub prize for the year's outstand- 
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! lyJnuilics Ph.D. thesis. Another 
siu :y investigated the mechanics of 
" ' j.ims .ind the conditions under 
which fragmented ice accumulations 
become unstable, giving rise to chan- 
nel blockage and flooding. A project 
of environmental interest is a study of 
the effects on river ice of the thermal 
effluent from a nuclear power plant. 
The length of the Mississippi River 
that will be kept ice-free by this 
effluent is being investigated analyti- 
cally. 

MATHEMATICAL 
AND PHYSICAL 
SCIENCES 

Vigorous and exciting progress 
characterize the four areas — physics, 
chemistry, astronomy, and mathemat- 
ics — that comprise the Mathematical 
and Physical Sciences Division. These 
traditional disciplines "ire highly de- 
veloped in technique, theory, and pat- 
terns of thought. They continuously 
exchange new knowledge, techniques, 
ideas, and problems among them- 
selves and also enlarge, enrich, and 
systematize their interactions with 
other areas of science and technolo- 
gy. The support patterns in these 
fields have been strongly perturbed, 
however, during recent years by the 
withdrawal of many other Federal 
agencies from the support of such 
research, 

The p/jysics research program 
spans natural phenomena from 
subatomic particles to the forces that 
shape the universe. Continuous ad- 
vances in understanding these phenom- 
ena result in a steady transfer of 
knowledge to chemistry, the environ- 
mental sciences, engineering, the life 
sciences, and other areas directly con- 
cerned with finding ways to improve 
man's ability to live with and manage 
his surroundings. A reflection of this 
transfer was the assignment in 1972 
of the Physics Program's work in sol- 
id state and low temperature physics 
and corresponding components of 
theoretical physics to the new Divi- 
sion of Materials Research, thereby 



relating knowledge from the forefront 
of physics research to development of 
new materials and materials process- 
ing techniques. 

Basic physics research is a source 
of long-range technological progress. 
For example, research into properties 
of the atomic nucleus has led to the 
formation of an entire new technolo- 
gy — nuclear power — which is already 
a billion-dollar industry and may, 
within a few decades, alter our entire 
approach to energy requirements. The 
modern electronics, communication, 
and computer industries are grounded 
in basic physics. Physics contributes 
to improved cancer radiation therapy 
through the use of new types of radi- 
ation, contributes to developing new 
sources of power to meet growing 
demands for energy, and contributes 
to improved technologies in such areas 
as lasers, magnetic materials, and spec- 
trometry. The technological payoff 
from basic physics research will 
continue. 

ISk cbnjihtry research program 
inDBcases our knowledge of the com- 
IMction, structure, and mutiaaili iiiter- 
caiirversion of substances. It sec&s ways 
of predicting, in general, whiclc atomic 
or molecular arrangement will pro- 
duce a desired property, predicting the 
optimum sequence of reactions to pro- 
duce a desired molecule, and under- 
standing the rates of chemical re- 
actions. 

The areas of modern chemical re- 
search are interactive; Advances in 
one area are closely tied to advances 
in the others. For example, methods 
of chemical analysis and quantitative 
measurements, usually accomplished 
with modern sophisticated instru- 
ments, are indispensable to the solu- 
tion of nearly any chemical problem. 
Much of the progress made in under- 
standing molecular processes rests on 
the availability of instrumentation 
that permits the separation and analy- 
sis of complicated mixtures or chat 
measures the effects of subtle changes 
in molecular properties. 

Another area of major importance 
is the development of an understand- 
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ing of the mechanisms by which cata- 
lysts in (1 nonce the rates of chemical 
react- vithout permanent change 
t'^ uk I s". NSF not only sup- 
) '»rts on research, but also re- 

sc.tuli * ; probes new areas of op- 
portunity that may lead to commercial 
application. 

Research in asifronowy deals with 
methods and equipment to increase 
our understanding of the objects and 
phenomena in the universe, the laws 
that govern them, and the relation- 
ships among matter, time, and space. 
Some of these objects are so remote 
that they can be studied only by 
means of electromagnetic radiation 
and cosmic particles coming from 
them and caught with instruments on 
the earth. These instruments, in short 
sapply and exceedingly expensive to 
build, have bene^tcd in recent years 
by technological developments that 
have increased the^aifaility of astrono- 
mers to record niBDrRSL data using new 
instrumentation ©r existing - tele- 
scopes. The need fr? Federal support 
of astronomy is larpEaai comparison to 
many other fields an science because 
astronomy, though, crucial in eluci- 
dating theories concerning physical 
laws, is not usually directly applicable 
to problems that would merit indus- 
trial or non-Federal support. NSF 
supports about 90 percent of the total 
U.S. effort in ground-based astrono- 
my, the balance coming from private 
and State sources. 

The program in viathcmatical 
sciences supports the creation of new 
techniques, understanding of mathe- 
matical structures already extant and 
the relations between them, and the 
construction of mathematical models 
of physical, biological, or social 
phenomena and their application to 
the world in which we live, As we 
develop more complex technologies in 
which elements of the social and bio- 
logical sciences are intermingled with 
those of the physical and engineering 
sciences, mathematics will play an in- 
creasing role? The applications of math- 
ematical research are generally not 
immediate and, when they are made, 
arc apt to be widely diffused first into 



other sciences and then into technol- 
ogy- 

The recent past in mathematics has 
been characterized by increasing ab- 
straction and generalization, with the 
effect of revealing unsuspected kin- 
ships and confluence among tradition- 
al mathematical disciplines. The result 
has been the creation of tools of un- 
precedented power for attacking 
problems of great difficulty. For ex- 
ample, . the mathematical tools for a 
sophisticated theory of guidance of 
many kinds of vehicles, machines, and 
industrial processes have been made 
available through research in analysis 
and topology, and have resulted in a 
burgeoning of research in nonlinear 
ordinary differential equations. This 
research has also been responsible for 
the development of those parts of 
applied mathematics known as con- 
trol thmsry, optimization theory, and 
differenaiil "games." 

Examines of a few important re- 
search gatojects in the mathematical 
and phrapacal sciences are described on 
the follooring pages. 

PHYSICS 

Scaling and Parfons — A 
Substructure for the 
Proton? 

One of the most important and 
stimulating findings in particle physics 
in recent years is the discovery of scale 
invarlancc — or "scaling.** Briefly, the 
scaling property implies that certain 
ph eno m ena i nxD 1 ved in rea c t io ns of 
elementary particles have a very sim- 
ple mathematical representation, de- 
pending only on ratios of a few 
measured quantities. These ratios, 
which have no dimensions (like miles 
per hour), are, in a sense, analogous 
to the more familiar dimensionless 
numbers, such as the Reynolds num- 
ber in hydrodynamics which relates 
turbulent to laminar flows, or the 
Mach number in aerodynamics, which 
characterizes the kinds of shock 
waves that occur in supersonic 
flow. 



Initially suggested theoretically* 
scaling was first observed in the deep 
inelastic scattering of electrons on 
protons (in which the proton is bro- 
ken apart by the deep- probing elec- 
tron) at the Stanford Linear Acci'lcr- 
ator Center (SLAC) , and subse- 
quently confirmed In more detailed 
mensurements at the Cornell Electron 
Synchrotron. In these experiments* 
some of the kinetic energy of the 
incident electrons is converted o 
mass, which is ejected in the form of 
one or more elementary particles in 
addition to the struck proton. A large 
number of physical variables are 
.necess.iry to describe the resulting 
complex multi-particle final states in 
such reactions. The first scaling exper- 
iments measured a quantity called the 
"inclusive cross section,** which is the 
probability of the electron scattering 
through a gj^win angle. To determine 
it, only t\\^ incident and oTotgoing 
electron needi'Be de.ilr with, ar i all of 
the additional particles car be ig- 
nored. This cross section is computed 
with the use of two so-called "struc- 
ture** functions which depend on the 
energy lost by the incident electron 
and the momentum transferred by 
that electron to the target proton. But 
when the structure functions are cal- 
culated for grossly different values of 
both energy loss and momentum 
transfer, their results fall along a 
smooth curve indicating that, over a 
wide range of energy and momentum 
transfers, these structure functions de- 
pend only on a dimensio^^less ratio of 
the two variables. 

The remarkable iimplicity of this 
behavior may have profound implica- 
tions for understanding the structure 
of the proton itself, and a number of 
models have been adduced to explain 
. these results. In one, the so-called 
"parton model" of R. P. Feynman at 
the California. Institute of Technolo- 
gy, the nucleon (neutron or proton) 
is envisioned, as a noninteracting gas 
of fundamental particles called "par- 
tons.** Deep inelastic scattering can be 
described as scattering of the elec- 
trons from these pointlike partons. 
This interpretation is reminiscent of 
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STRUCTURE FUNCTIONS FOR DEEP-INELASTIC 0.6 
ELECTRON-PROTON SCATTERING 




Scaling Variable U) Scaling Variable cu 



These e>(pcrinienif;»l mcasurcmcnTS show the "str-r- jrc" functions that determine the inclusive cross section for deep inelastic scatter- 
inRs. AiBaaicm ptwmcs on these graphs are measurt;i « grossly different values of energy and momxrnitsain transfer, but at n'.'ighboring 
values of- dasur- limancnsionless ratio — the scalinc kdc CJ . The face that these points define oirinnoximatL'Iy smooth curves rather 
thzsi scatter vmianjily over the graph is j .crif >an of the scaling hypothesis. 



. Rutherford's work at the turn of the 
century, when his study of the behav- 
ior of the scattering of alpha particles 
from heavy atoms led him to con- 
clude that these atoms were made up 
. of diffusely distributed clouds of elec- 
trons surrounding a pointlike, posi- 
tively charged nucleus. Determining 
specific details ioi the deep inelastic 
process will snnsw^r a host of ques- 
tions about The: {jrartons if they really 
do e:xist, andi fiurther experimental 
studies are goinc^ on at both SLAC 
and Cornell. 

In addition, deep inelastic scatter- 
ing experiments will shortly be ex- 
tended to a new energy domain at the 
National Accelerator Laboratory in 
Batavia, III., where experiments in- 
volving beams of elementary particles 
known as muons (instead of elec- 
trons) will investigate scaling behav- 
ior in regions of energy and momen- 
tum transfer an order of magnitude 
larger than those accessible at SLAC 
and Cornell. One of the first such 
experiments, to be performed jointly 
by NSF-supported groups from Mich- 
Q igan State, Cornell, and the Universi- 
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ty of alifornia, San Diego, will scat- 
ter muons from heavy nuclei and in- 
vestigate a wide range of variables. A 
second, more elaborate experiment, 
by a Chicago-Harvard-Oxford collab- 
oration, will study J somewhat small- 
er kinematical rainige, but will use a 
liquid hydrogen (i.e., proton) target, 
and make a detailed study of all the 
outgoing particles as well. 

Gravitational Kadiation 
Ke visited 

Three years ago, Joseph Weber of 
the University of Mar)'land an- 
nounced the detection of events that 
he identified with, pulses of gravita- 
tional radiation from some distant 
source. Although this interpretation 
of his data was greeted initially with 
skepticism by many members of the 
scientific community. Dr. Weber has 
continued to refine his techniques dur- 
ing the intervening years. The addi- 
tional observations that he has been 
able to obtain with these improve- 
ments are consistent with the idea 



that hcL' iis indeed detecting gravita- 
tional urdiation, although they pose 
grave difficulties for theories of the 
sources of this radiation. 

Dr. Weber's initial experiment con- 
sisted of looking for anomalous exci- 
tations of vibrations of two 
1-1 2-ton aluminum cylinders, one 
located at College Park, Md., and the 
other at the Argonne National Labo- 
ratory outside Chicago. A count was 
made of the number of times both 
cylinders were excited essentially si- 
multaneously (an event termed a 
^^Coincidence"), and it w.i^ found thax 
these coincidences occurred much 
more frequently than could be eac-- 
plained on the hypothesis that the 
bars were being excited by random 
thermal oscillations. Subsequent ex- 
periments have effectively ruled out 
the possibility that these signals are 
due to the earth's seismic activity., 
long wavelength electromagnetic dis- 
turbances, or cosmic rays — the three 
most popular alternative explanations. 
In addition, the directional sensitivity 
of the cylinders indicated a signal 
source at either the galactic center or 
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a point diametrically opposed to the 
t;ahctic center, not far from the Crab 
nobiib. In the past year, Dr, Weber 
has instrumented a new disk- type of 
detector, which has a direction.il re- 
sponse dilferent from the cylinder dc- 
Uviors. This detector, when run in 
coincidence with one of the oltl cylin- 
der detectors^ is capable of rcmovini; 
the previous .imbiguity of the source 
direction. New experiments point to a 
source of j;ra vication.il radiation at 
the center of our g.il.ixy, rather than 
the .inii-center. 

These ron.tiT'kable observations 
have stimul.rteiii intense activity in 
nuny sei;nienn5 o{ the scientific com- 
munity. Tlieorctical physicists have 
pointed out that if - the events are 
^gravitational in orij^in, and if their 
source is located in the center of tH: 
^jilaxy and radiating enerj^y wicai 
<miia 1 streni^ch in all directions, t he« || 
<cnoui;h mass must be converted inito 
fimcr<;y in the form of i^ravitatioaaJ j 
w.ives near the i»alactic center to have! 
,1 Eioticeable effect on the motions of ; 
clouds of hydrogen i;as near the solari 
w'stcm. Radio astronomers have not 
^uk^^ected such motions, however, and 
tiiis has led one group of theorists,, 
imnier the direction of Charles Misnmr ;| 
(also at Maryland) to suggest a kmi( 
of gravitational synchrotron radiatioi» 
xs a, possible source mechanism. Fti? 
this theory, gravitationail radiatiott; 
from a very rapidly accelerated mas- 
sive object orbiting near die gabctic 
center would beam its radiation pre- 
dominantly into the pLme of the 
prlaixy. Although this beaming wouldi 
Tciieve the striix^cnt energy loss re- 
quirements mentioned above, no one 
has yet proposed a convincing picture 
of how the radiating masses could get 
istto their orbits. 

On the experimental side, groups 
arc setting up .ipparatus to confirm 
I)r, Weber's results, including one in 
the U.S.S.R., one in Germany, two 
tMich in Italy and the United King- 
dom, and one in Canada. In the 
United States, the Foundation is sup- 
porting two efforts in addition to Dr. p, 
Weber's. One detector system at the tj 
University of Rochester is quite sinii- di 
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Original experiments to detect gravitational rad ummi: :rr::jordcd coincident "events'* measured by 
cylinders at two widely separated locations. Therornrriv :led a source of radiation at cither tlie 
center or anti-center of our galaxy (left). (Thcfrmr- s essentially transparent to gravitational 
radiation, so the dati arc combined into half aicosy'-^ ;tnic.) Recent experiments (right) using 
one cylinder and one disk detector (which is Uxain: T^sitive to radiation when Its flat face Is 
pointed towards it) show the fewest coincidencrar^A^ :n pointing toward the galactic center — 
confirmation that the center is the source of thc.'3aiiis:.:Jon. 



lar to Dr. Weber's, and will be run in 
coincidence with a detector being 
constructed at the Bell Telephone Lab- 
oratories. Superconducting detectors 
to achieve maximum isolation from 
all sources of thermal noise will be 
run at Louisiana State University arid 
Stanford University. Through collabo- 
rative efforts such as these, physicists 
in the next few years hope to gain 
new insights into the nature of the 
surpri.sing phenomenon discovered by 
Dr. Weber, which, if it is not gravita- 
tional radiation, is likely to be even 
more significant. 



CHEMISTRY 

Chemistry and Combustion 

What happens in flames is a matter 
c:f great practical concern. From the 
smple hydrogen-oxygen flame, now 
feteing reexamined as a possible major 
source of energy, to the complex 
cnmibustion of wood, chemists are de- 
-BDting increasing effort to trying to 
mnnuderstand the details of the combus- 
aDDon" process. Tliis work is possible as 
jriESult of instruments and techniques 
dm have become available in the 



past two decades for study of the 
extremely fast and cncri;etic processes 
that occur in flames. 

Foundation gr.intees are working 
on many projects to understand these 
processes. Thomas Vickers of the 
University of Florida is studying the 
changes in light absorbed and emitted 
when trace amounts of heavy metals 
are present in hydrogen flames. At 
Peonsylvania State University, 
Hrtosrard Palmer has recently observed 
Hj^t from a:n excited form of sulfur 
dioxide for a^e first time when cnrbon 
disaainde or carbon ox y sulfide is 
burned in oxygen. At the State Uni- 
versiiny of New York at Binghanuon, 
Walter Kaskan may provide informa- 
tion useful in assessing the potentbl 
of ammonia as a fuel from his 
me.isuremercts of the formation and 
destruction! of nitrogen oxide in .im- 
monia flames. 

In those examples, flames are beins; 
.studied directly. It is possible, howev- 
er, to learn a great deal about flames 
by generating the reactive species 
present in flames by processes other 
than combustion and studying their 
reactions. For example, direct studies 
have shown that many flames contain 
a number of reactive fragments, in- 
cluding oxygen and hydrogen atoms 
and hydroxy! radicals (the product 
from combination of one hydrogen 
and one oxygen atom). These species 
can be produced in a number of 
ways. Frederick Kaufman at the Uni- 
versity of Pittsburgh simply heats hy- 
drogen gas with a tungsten filament to 
create hydrogen atoms; he then 
studies their reaction with each otlncr 
in the presence of other gases such as 
carbon dioxide, water vapor, or 
methane. At Illinois Institute of Tech- 
nology, David Gut man uses mi- 
crowave or radiofrequency disch:\rges 
to dissociate oxygen molecules into 
oxygen atoms. A stream of these 
atoms is then made to collide with a 
crossed beam of "fuel," such as acety- 
lene, and the unstable products of the 
collisions arc detected. This method 
has already been used to show that 
the inferences about these products 
from previous experiments in which 
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In thtv rreactioni of hydrogen gas containing rtactliyl borate burning in air, the tjtrightcr low 
region is the flannc or reaction zone, and the ttidddle and upper region is the burned gas (the 
metal screen above the flame gives hydrodyimnijc stability). The vertical streaks on the sides 
are doisds of condensed boric oxide particles jiutirmark the hot/cold boundary. A spcctogram of 
the flame ihows the light emitted by the bosixi: oxide bands, wicli the brighter portion of the 
spectrum-iat the bottom in the flame 2onc anei the darker portion above in the borned gases. 
(Photo iby Waiter Kaskao, SUNY-Binghamton) 



they could not be detected directly 
were wrong. Ultraviolet light can also 
cause dissociatioBiL of molecules into^ 
atoms or larger molecular fragments, 
both' in the Mlsoratory and in the 
atmosphere. lam^ECt, the work of both 
Drs. Kaufmann.aind Gutman is equally 
important im Trrrriers ta nd in g sniog and 
upper atmosp3tt«re chemistry as it is 
for explaining caunbustion. 

Another tecftmique that produces 
tempera tui-es, fagmmts, and light 
.emission verr sinninlkr to flames is to 



pass shock waves through a mixture 
of gases. Dr. Gutman also used this 
method to study the acetylene- oxygen 
reaction. In the first experiment, the 
crossed beams, he learned what un- 
stable, fragments are initially formed. 
^He wias then able to dedmce some- 
thing .:alx)ut how fast they form a:nd 
react mam the nature of Ae; light 
emitted from the shock ttiiNfet Ralph 
Efim.Jilp Louisiana State Unwrn ..ty is 
tmsxrusBRig: a modification of tsljcfce snock 
TnrrliTe Tayhnlque to learn how naHnnniune 



decomposes v.-hen it is heated. .-Xmong 
other things, it turns out that one of 
the intot mediate products is accty- 
lOMC, whicK V 'fn»vl'' Ij-Ots (jiis 

study with Dr. Gutman's. 

The reactions discussed so tar were 
intentionally chosen by the investiga- 
tors to be as simple as possible. Still, 
the acetylene-oxygen reaction proba- 
bly involves at least 20 intermediate 
compounds before the final stable 
products, water and carbon <iioxidc, 
are formed. The techniques being 
used in these relatively simple com- 
bustions would produce hopelessly 
complicated results if they were ap- 
plied to a process such as tlie combus- 
tion of the cellulose of wlinidk cotton 
consists. Yet, understanding ttihis pro- 
cess is at least as important as know- 
ing how acetylene burns. The ap- 
proach being used by Fred Shafizadch 
at the University of Montana, and at 
the University of California's State- 
wide Air Pollution Research Center 
in Riverside, is called pyrolysis. This 
involves heiting cellulose below flame 
temperatures and/or in the absence 
of oxygen and collecting and identify- 
ing the gaseous products formed. At 
the California laboratories, cotton 
treated with sugar containing radioac- 
tive carbon produces cellulose con- 
taining radioactive "labels." Pyrolysis 
of this macerial will help determine 
the exact source of the carbon itaon- 
oxide and carbon dioxide produced. 

None of the experiments discicssed 
here is spectacular in itself. Yet, affi of 
them, and a much larger body of 
research on the chemistry of reactive 
fragments, are providing a base of 
scientific understanding which is 
crucial to the solution of the practical 
problems of fire prevention and air 
pollution, as well as a host of other 
problems of economic and environ- 
mental importance. 

Potential Surface for the 
E + Hz KeacUon 

powerful theoretical techniques are 
now being brought: to bear on reac- 
tions similar to thms. which occur in 
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combustion. An important goal is the 
prediction, from first principle , )f 
chcmic;il reaction rates, and n i;icat 
deal of effort has been expended on 
this problem since the early I930's. 
Basically, quantum mechanics is em- 
ployed in the calculiiion of points on 
a '*hill-and-vnlley-like" surface rep- 
resenting tilie potenml energy of a 
system of atoms at\vd molecules in a 
particular ccinfiguratBon. Low regions 
shaped somewhat like narrow valleys, 
representing relativelv low potential 
energy, correspond to compoundbi. The 
passage of a: point fcrom one Talley 
over a sadfllk point (or pass| into 
another valiey represents a chemical 
reaction, and the shape of the surface 
determines the rate of the reaction 
and the energy' disposition among the 
products. 

The surface for the system of 
three hydirogcn-^atoms (the same sys- 
tem being stuped experimentally by 
Dr. Kaufman) is the simplest to treat 
theoretically, k has received extensive 
study, from wihich principles useful 
in more complex situations have 
emerged. Devdlopment of computa- 
tional techniqiises and the availability 
of high-speed computers now makes 
possible reliable calculations for sys- 
tems containing larger atoms. 

Henr}' F. Schaefer III, of the Uni- 
versity of California, Berkeley, with 
the aid of a Foundation grant and in 
collaboration with several other scien- 
tists, has recently carried out calcula- 
tions for the potential energy surface 
for the fluorine plus hydrogen mole- 
cule system. The chemical reaction 
F 4- H. FH 4- H has been stud- 
ied e.xperimentally by a n**.nber of 
techniques related to those used by 
Drs. Kaufman and Gutman, and fairly 
detailed infonwaJiion is available about 
ihe reaction ^^vrannnniEs. 

In prclimiinary work, about 3 SO in- 
dividual caiiimJadons were carried out, 
each refcrfisn^ to a particular ar- 
rangement o4 the three atoms. A 
great deal of informarioni was ob- 
tained about tJbc potenrlal surface and 
about the usrJ^inesis of various the- 
^ oretical appj?7acliies. Itrw'^ found that 
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the niifi»iiinni rnrri;y path for v he 
\.ui;uh ij)., .1 an arrangement in 
which the T-I-l-H atoms lie along a 
straight line, Further refinements pro- 
duced n potential surface \\'hich is 
thought to correspond fairly closely 
to reality and is considered to be 
of chemical accuracy. The barrier 
height (which represents the energy 
difference between the saddle point 
nnd the separated reactants) and the 
exothermicity (the energy released 
when the reaction occurs) agree quite 
well with experimental quantities. It is 
expected that this potential surface. 
Calculated from first principles, will 
be useful for dynamical studies (clas- 
sical trajectories, semiclassical and 
quantum treatments) that will allow 
coiTiparison of additional theoretical 
results with Information obtained by 
experiment. Dr. Schaefer is also ap- 
plying this kind of analysis to reac- 
tions involving hydrogen and oxygen 
species, which should provide a the- 
oretical base with which to compare 
and refine the experimental studies of 
simple flames. 

ASTRONOMY 

Standard Candles 

One of the most difficult and yet 
one of the most fundamental observa- 
tional problems which astronomers 
must solve is that of Identifying stars 
of known intrinsic brightness to serve 
as basic indicators of distance to the 
systems In which they are found. Over 
the past half century pulsating varia- 
bles (e.g., Cepheids) have been these 
standards. Early research indicated a 
linear relation between intrinsic 
brightness and period of pulsation, 
though upon closer inspection the 
relation has required extensive modifi- 
cation. Each change has produced al- 
teratBons In the distance scale of our 
own md distant galaxies. 

\'aritcble stars that pulsate in less 
thxn a day, the RR Lyrae stars, have 
4!«f*n the subject of two observational 
pcwgnnns at the Cerro Tololo Inter- 
\«Maerican Observatory (CTIO). John 
GCThara, a CTIO staff member, is 



nuw coinploi iiii; .i st ud\' of 5 2 RK 
Lyrae stars In the Large Magellanic 
Cloud, a small satellite of our own 
ga lax )• . D r. G ra ha m has d is coN'cmj* 
that the RR Lyrae variables in tliiLv 
nearby companion form a very hotmi^- 
geneous group having a much smalfe: 
spread in their period-luminosity rci::^- 
tlon than is found for tEae same typr^ 
of stars in the main Milky \V^^y .sy^ 
tem, where we arc located. The dis- 
persion found In our own galaxy is 
attributed to variations in the abun- 
dance of elements heavier than hela- 
um. Dr. Gr.iham's oLscrv.itioos. 
therefore, Indicate th.Tt the RR Lyiac 
stars in the Lar4>e CJouJ have a \crr 
small range in hc.?.ry -clement abuir- 
dance. His res./ i is f urther interpreted 
as meaning; :i narrcxv range of age 
i.e., a sin'f.'k i:.ncrntion, fur stars m 
the Large Mai-cHnnic Cloud, as op- 
posed to the several generations 
present m the Milky Way. Each suc- 
cessive gener.xrnon Is richer than tibc 
preceding one in carbon, nitrogen, oa- 
ygen, and heaver metals because xm- 
clear reactions in older stars slowiy 
fuse these elecncnts from hydropsn 
and helium, enriching the raw materi- 
al for new stars. 

A similar study of RR Lyrae stsns 
In our own Milky Way -system Has 
been made jointly by F. A. Hant- 
wick and Graham Hill, guest Invessi- 
gators at CTIO, and James E. Hess*rr 
of the CTIO staff. Although the veri' 
central regions of our galaxy 
effectively blocked from our view 
heavy interstellar obscuration, there is 
a small, relatively clear region toward 
the galactic center in which Wafer 
Baade discovered over 100 RR Lyj^e 
stars many years ago. Using these 
objects as '^standard candles,'' Dr 
Baade was able to make an estimii;^; 
of the distance to the center of osctr 
galaxy and thus set the scale for all 
galactic structure studies. The region 
studied by Dr. Baade is in the south- 
ern sky and he: could observe It only 
for a very shonr time, since It never 
rises more thaaiB about 20° above the 
horizon at. the Mt. Wilson Observato- 
ry^ in California. Dr. Hesser and his 
colleagues have demonstrated that in 



The nearest neighbor wf our own Milky "W5iy galax 
overhead at the Cerro Tololo Inter-American Obser 
constituent stars can ibe made there, as the chart 
shows. The narrow wtidth of tlic distribution indie 
stellar medium at nearly the samic time, as opposed 
(Photo by John Graham, CTI0.; chart by Kitt Peal 
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S4 percent of the 3S v.iri.ibles 
checked by the observers in Chile, the 
observing c o n d i 1 1 o n s i ni posed on Or. 
B.ude at Mt. Wilson, coupled with 
the liniit:ition th.it the periods of pul- 
sation of RR l.yr.ies :irc some fr.ic- 
tion of :i d:iy, led to erroneous deter- 
minations o^ periods. New deternii- 
umtions of the ch:ir:icteristics of these 
fitirs — their periods and nict.il abun- 
dances — will lead to an improved es- 
tiiniatc of the size of our galaxy. 



S the Large Magellanic Cloud, passes nearly 
'atory in Chile. Excellent observations of its 
below, the distribution of RR Lyrac stars, 
tcs that these stars formed from the inter- 
o the several generations in the Milky Way. 
. National Observatory) 





Very Long Baseline 
Interferonictry 

Digital Very Long Baseline (VLB) 
interferonictry is an observing tech- 
nique used at the National Radio As- 
tronomy Observatory (NRAO) and 
certain other observatories. Record- 
ings of a celestial radio source arc 
made simultaneously at two or more 
widely separated sites, using atomic 
clocks for synchronization. Later, In- 
tcrcomparison of the recorded data 
from all sites involved permits con- 
struction of a model of the spatial 
structure of the radio source with 
extremely high angular resolving 
power. 

One of the most exciting finds to 
come from the new technique is the 
discovery of "supcr-rclativistic" ex- 
pansion in radio sources. During a 
scries of transcontinental observations 
made from 1970 to the present, the 
visibility patterns of several sources 
were found to change with time, indi- 
cating that the parts of the sources 
were separating as seen from the 
earth. The sources arc thought to be 
very distant, so the simplest interpre- 
tation of the effect required very high 
apparent expansicm velocities within 
the sources — in one source, nearly ten 
times the speed of light. 

Since the possibility that matter is 
really moving with velocities in excess 
of the speed of light is not taken 
seriously by the experimenters, other 
alternatives have been explored. Da- 
vid De Young at NRAO has proposed 
an explanation in terms of the dis- 
tribution of synchrotron radiation in a 
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Very Long Baseline intcrfcromctry, in which widely separated radio teiiescopcs view the same object simultaneously to produce very 
high resolution, has used instruments in three continents in thff;-pasn3 years. 



source expanding at nearly die speed 
of light. (Synchrontron radiation, first 
discovered in the accelerators bearing 
the same name, is produced when a 
charged particle moving at a speed 
very close to the speed of light passes 
through a magnetic field.) He found 
that sources with apparent expanaon 
velocities in excess of the velocity 'of 
light can result from natural geoffine- 
tries and reasonable expansion lates 
due to the tricks played on the ob- 
server by the arrival time of ligrht 
traveling from the source. 

William Dent of the University of 
Massachusetts Ijas proposed a motion- 
free model using data on source vari- 
ability obtained from the Haystack 
Radio Telescope in Tyngsboro, Mass., 
supported by the Foundation's univer- 



sity research grants iroagoini. In his 
explanation, the centniixcoEEqEionent of 
an aligned triple source .gradually 
weakens and disappcBcs. jllie mean 
spacing within the somrce, as 
measured by the: mtciaeroTinrrer, thus 
appears to increase w^ithoutr.any mass 
motions taking placcrar.alL 

These amd oacher moiicls a re 
presently being tested using further 
observation with new VLE ssystcms 
recently completed at NRAO.lIf none 
of these **optkal illusion** models can 
be confirmed, -a: possible altecnative is 
that the sources are; much closer than 
previously thought,, so) idiat .lite speed 
required for tie isource to move 
through the ani^ aEEnifrom^he earth 
is less than the spcesH^of light. In any 
event, it is clear thuzfurther: study of 
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this phenomenon will lead to a better 
understanding of the origin of radio 
galaxies and quasars. 



Quasars 

Quasars are one of modern astron- 
omy*s most challenging puzzles. They 
appear as starlike points, rather than 
as extended galaxies, even in the 
largest optical telescopes. Their radio 
wavelength emission is no different 
from that of more normal-appearing, 
radio galaxies. However, their light is 
strongly displaced toward the longer 
wavelengths, producing a redshift. Es- 
tablishing the cause of quasar red- 
shifts is a controversial, fundamental 
problem facing astronomers. 
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The controversy arises because all 
of the major theories interpreting, the 
reclshifts lead to situations beyond our 
current comprehension of physics. 
Two proposed explanations hold that 
motion of the quasar away from us 
causes the shift via the so-called Dop- 
pler effect. In the first case, the mo- 
tion is part of the ovenill, general 
expansion of the universe and the 
large shifts indicate that quasars are 
extremely distant and extraordinarily 
luminous. This is the cosmological in- 
terpretation. Since they appear .is 
points, quasars must be relatively 
small compared to galaxies, even if 
they are far away. The problem in 
accepting this idea is that there is no 
known way to confine such strong 
energy sources in the small volumes 
apparent for quasars. The second the- 
ory holds that the high speeds result 
because the quasars were shoe out of 
other nearby galaxies. Thus, the qua- 
sars themselves would not be exces- 
sively bright because they would be 
closer to us. On the other hand, there 
is no known way to eject anything at 
such high speed from a galaxy. A 
third suggestion is sirriply that the 
redshifts result from some unknown 
physical phenomenon, having little or 
nothing to do with motion. 

For several years, it has been real- 
ized chat a crucial observational test 
of the .cosmological interpretation 
would be provided if a quasar could 
be found in a cluster of galaxies, and 
if it could be demonstrated that the 
redshifts of the "ordinary" galaxies in 
the cluster were the same as that of 
the quasar. Such a finding would, 
first, confirm the association of the 
quasar with the cluster of galaxies 
and, second, confirm the cosmological 
interpretation of the quasar redshift, 
since the cosmological interpretation 
of the redshift or "ordinary** galaxies 
is widely accepted. The quasar PKS 
22 51 + 11, w^hich is surrounded by a 
small, compact cluster of galaxies, 
represents such a test case. L. B. 
Robinson and E. J. Wampler of the 
Lick Observatory recently measured 
redshifts for the two brightest ordi- 
nary galaxies in this cluster of galax- 



ies and found them to be essentially 
equal to that of the quasar. One of 
the two galaxies is the faintest or(h'- 
nary gala.xy for which a redshift has 
ever been measured. The results of 
these difiicult observations provide 
strong support for the cosmological 
interpretation of some quasars' red- 
shifts. 

These observations were made pos- 
sible by "the development of an image 
tube spectrum scanner by Dr. Wam- 
pler for use on the Lick Observatory 
120-inch telescope. The development 
and application of state-of-the-art 
electro-optical detectors, sponsored 
jointly by NSF and NASA at the Lick 
Observatory, represents an important 
and exciting trend in contemporary 
astronomy. This trend emphasizes de- 
tector efficiency rather than telescope 
size, and is making intermediate-sized 
telescopes competitive in some re- 
spects with the present abilities of the 
world*s largest telescopes. 

MATHEMATICS 

Finite Group Theory 

One of the simplest and most use- 
ful of algebraic structures is the 
group. This concept has found appli- 
cations in many branches of mathe- 
matics, as well as physics and chemis- 
try. For example, the theory of finite 
groups has applications in crystal- 
lography, in the theory of inorganic 
complex ions, and in spectroscopy. 

For a typical example, consider the 
ordinary plane, which we may think 
of as the surface of a very large 
table. A "move'* consists of shifting 
the table and also pivoting it around 
Its center. Two such moves may be 
combined by carrying out one after 
the other. If we first perform move M 
and then move N, the resulting com- 
bined move is called the composition 
MN of moves M and N. Composition 
of moves *has interesting formal prop- 
erties. There exists a move I, called 
the identity or neutral move, which 
consists of not displacing the table at 
all. For this move, I, we have 
MI — M = IM. For each move M 



there also is the inverse M"* of \t» 
which undoes what M did, that is, 
such that MM'-' - - 1. There Is also the 
so-called associative rule for composi- 
tion: M(NP) - {MN)P. 

These formal properties of moves 
occur also in other situations and, by 
the process of abstraction from these 
various examples, algebraists have ar- 
rived at the notion of a group. A 
group is any set of elements with a 
composition law that has the formal 
properties described above. Thus, the 
moves described above form a group, 
but there arc also many other groups 
which may occur under completely 
different circumstances. Perhaps the 
most familiar example of a group is 
the set of all integers where the oper- 
ation to be performed is addition. 

Groups arc either finite or hi[imtc\ 
according to whether the set has a 
finite or infinite number of elements. 
A basic problem in the theory of 
finite groups is the determination of 
the structure of all finite groups. (For 
example, given a number n, how 
many groups with n elements are 
there?) In order to attack this prob- 
lem, mathematicians have introduced 
the notion of a group which is, in 
some sense, indecomposable, the .v/;;/- 
plc group. Simple groups are in a 
sense the building blocks for all 
groups. A classification of all finite 
simple groups would constitute deci- 
sive progress in the subject. 

A major breakthrough in this area 
occurred in 1963, when W. Feit and 
J. Thompson showed that essentially 
every simple group has an even num- 
ber of elements. There are now indi- 
cations that Dr. Thompson has taken 
another great step: He seems to have 
succeeded in classifying all simple 
groups such that the number of ele- 
ments is not divisible by three. 

There are some finite simple groups 
that may be called classical. By the 
early 1960's, these had been thor- 
oughly sorted out. Thus, the remain- 
ing task is to find all the nonclassical 
finite simple groups (called sporadic 
groups). As long ago as 1861, E. 
Mathieu discovered five such groups. 



For over 100 years it was thought 
that these were the only ones. How- 
ever, in 1965, Z. Janko startled the 
mathematical community with the 
discovery of a new sporadic group 
and, shortly thereafter, contributed to 
the discovery of an additional two. At 
present, there are 20 known sporadic 
groups. One of the large groups, 
Coi, is, incidentally, quite remark- 
able in two ways. One, it arose from 
a study by J. Leech of close packing 
of spheres in 24 dimensions (a prob- 
lem related to the theory of error- 
correcting codes). Two, this group 
surprisingly contains copies of many 
others on the list. 

It is clear that finite simple groups 
exist in greater abundance than had 
recently been suspected. It remains to 
be seen whether the list of sporadic 



groups can be shown to have only 
finitely many isolated members or, if 
there are infinitely many new simple 
groups to be found, whether they will 
form a natural family with a sensible 
structure. Many mathematicians are 
working on these and related ques- 
tions in this active area of research, 
some of which is being carried out by 
a skillful combination of handwork 
and large, high-speed electronic com- 
puters. 

BIOLOGICAL AND 
MEDICAL SCIENCES 

Research programs continue to 
study complex biological systems so 
as to increase our understanding of 
the structures and functions of living 



things and their relationships and in- 
teractions with other organisms and 
their environment. Such research is 
relevant not only to our basic liveli- 
hood but also to major societal prob- 
lems such as environmental pollution, 
population levels, food production, 
physical and mental health, and effec- 
tive use of resources. 

Although a significant portion of 
the increased funds for biological re- 
search in fiscal year 1972 replaced 
support which had previously been 
provided by other Federal agencies, 
support was also increased in several 
areas of special need or opportu- 
nity. 

One such area is research on learn- 
ing and memory. A new program was 
established for neurobiology, which 
will work closely with the Psychobiol- 



THE TWENTY KNOWN SPORADIC GROUPS 



GROUP DISCOVERED NUMBER OF ELEMENTS 



Mu 


1860— MATH lEU 


2''3*-5-11 




7,920 


M,.. 


1860 


2*'-3='-5-11 




95,040 


Ms, 


1861 


2'-3-5-7-11 




443,520 


M-, 


1861 


2-»3-5-7»11-23 




10,200.960 


M.M 


1861 


2"'-3='»5-7-11-23 




244,823,040 


Ja 


1965— JANKO 


2'-3-5-7-1M9 




175,560 


HaJ 


1967— HALL, JANKO 


2-3='-5-7 




604.800 


HJM 


1968— HIGMAN, McKAY, JANKO 


2'-3'-5-17-19 




50,232,960 


HHM 


1967— HELD, HIGMAN, McKAY 


2'"-3^-5-r-17 




4,030,387,200 


His 


1967— HIGMAN, SIMS 


2"-3--5'-M1 




44,352,000 


McL 


1968— Mclaughlin 


2'-3"-5'-7-11 




898,128,000 


Suz 


1967— SUZUKI 


2'='-3"-5-7-1M3 




448,345,497,600 


Co, 


1968— CONWAY 


2-''-3"-5^-7'-11 •13-23 




4,157,771,806,543,360,000 


Co. 


1968 


2'''-3'''5'-7-11-23 




42,305,421,312,000 


CO.-1 


1968 


2"'-3'-5^-7-11-23 




495,766,656,000 




1969— FISCHER 


2''-3''-5=-7-1M3 




64,561,751,654,400 




1969 


2'''-3"-5''7-1M3-17-23 




4.089,470.473,293,004,800 


Fi=4 


1969 


2->-3'"-5-r-1M3-17-23-29 




1,252,205,709,190,661,721.292,800 


LyS 


1971— LYONS, SIMS 


2''-3"-5"-7-11-31-37-67 




51,765,179.004,000,000 



RCW 1972— RUDVALIS, CONWAY, WALES 2>'-3='-5='-7-13-29 145.926.144.000 
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o^y Program. Increased support was 
provided for research projects ranging 
from those dealing with the molecular 
basis of sensory and neural processes 
to those which examine integrated 
cognitive processes, Steps have also 
been taken to support coherent ap- 
proaches to particular aspects of 
learning. Scientists at the University 
of Colorado are working on verbal, 
conceptual, and semantic factors in 
complex human learning, memory, 
thinking, and comprehension. At the 
University of Minnesota, the Center 
for Research on Human Learning has 
a broad program which combines ba- 
sic research on learning with an ap- 
plied approach to educational prob- 
lems. For the first time, the Founda- 
tion has also provided major support 
for a project to examine genetic fac- 
tors in human learning. This research 
will be conducted at the University of 
Hawaii with the collaboration of 
scientists from the University of Col- 
orado. 

A new program for Human Cell 
Biology was established to strengthen 
the application of the knowledge and 
methods of molecular biology and 
genetics to research on human cells in 
tissue culture. The problem of making 
cultured cells available in large quan- 
tities is critical to progress in this 
field, and the need for production 
centers has received much attention. 
Efforts in the coming year will be 
directed to stimulating collaborative 
efforts to make more economical and 
effective use of common production 
facilities. 

The Foundation has also substan- 
tially increased its support of the re- 
search collections of museums and 
herbaria during fiscal year 1972. Sup- 
port for biological research resources 
has been provided in many ways. 
Only in the case of genetic stock cen- 
ters, however, supported through the 
Genetic Biology Program, has a con- 
sistent effort been made to ensure the 
existence of resources considered es- 
sential for research in an area of 
biology. Private, State, and local 
funds have provided for the housing 
and care of the collections of plants 



and animals essential for research in 
systematic biology. These sources 
have become increasingly inadequate 
as research activities have grown, and 
will become increasingly so as envi- 
ronmental research expands. Al- 
though the need for building, renova- 
tion, and care of collections far ex- 
ceeds the present financial capabilities 
of the Foundation, a program of cu- 
ratorial support was initiated with 13 
grants in fiscal year 1972 in order to 
make particularly significant collec- 
tions more available for research, and 
to maintain records of biota which 
are changing rapidly as the result of 
man's environmental interventions. 
The Foundation has entered this ven- 
ture in a limited way,, anticipating 
that the maintenance of collections 
will remain a shared responsibility of 
local. State, and Federal Government 
and private philanthropy. 

Substantially increased support has 
also been provided for research on 
the biological regulation of pest popu- 
lations. Much of this research is dis- 
tributed among the interests of sever- 
al BMS programs, but a major plan 
for integrated research on pest man- 
agement was also developed within 
the International Biological Program. 
This project, titled Principles, Strate- 
gies and Tactics of Pest Population 
Regulation in Major Crop Ecosys- 
tems, is being jointly supported by the 
Foundation, the Department of Agri- 
culture, and the Environmental Pro- 
tection Agency. Research will be con- 
ducted on six crop and forest systems, 
and will involve scientists from 19 
universities, as well as those from 
State and Federal agencies, and pri- 
vate sectors. In the view of thof " who 
have planned this research, the pro- 
gram conforms in all its essentials to 
a rnajor recommendation of the Third 
Annual Report of the National 
Science Board Efivirorimcrttal 
Science — Challenge for the Seventies 
(1971), which urged greater interde- 
partmental and interdisciplinary re- 
search and a moie effective use of the 
talents of industry, government, and 
universities in new types of research 
organizations. 



Evohifiou of a Molecule 

At first glance, a clam, a worm, 
and a horse would seem to have little 
or nothing in common. Actually, their 
chemical machineries have important 
similarities at the molecular level, 
particularly in the way they obtain 
energy by combining food molecules 
with oxygen by use of a protein, cyto- 
chrome c. 

A variant of cytochrome c exists in 
each organism that uses oxygen for 
respiration. In higher forms of plants 
and animals, including man, approx- 
imately 104 amino acid units are 
linked together and folded into a spe- 
cific three-dimensional structure. In 
primitive organisms such as yeasts 
and molds, the three-dimensional 
structure of cytochrome c is essential- 
ly the same as for higher organisms, 
but the numbers and sequence of ami- 
no acids are different. Fortunately, 
the molecule is comparatively small 
and readily purified so that detailed 
diagrams have been made of the 
structure and composition of cyto- 
chrome c in more than 40 different 
organisms. 

A molecule that is ubiquitous, vital 
to life, and shows variations between 
advanced and primitive organisms has 
obvious advantages for evolutionary 
studies. These advantages are enhanced 
by the fact that the degree of differ- 
ence between the cytochrome c mole- 
cules in different species correlates 
with the degree of difference in their 
evolutionary development. 

Considering the wide distribution 
of the cytochrome c molecules in all 
living organisms, we might ask to 
what extent has it remained 
unchanged during the course of evo- 
lution? Or what features of the struc- 
ture have remained unchanged, and 
are they important in preserving the 
functional properties of the molecule? 
In comparing locations of the 104 
amino acid units on cytochrome c 
from various organisms, researchers 
have found 35 identical amino acids 
in identical positions. At 19 other 
positions the amino acids differ only 
in a relatively minor way. One can 
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Within almost every living person, animal, and plant is a variant of the protein molecule 
cytochrome c consisting of 104 amino acid units of various types and in various locations 
according to the species. Scientists have found that the degree of difference between the mole- 
cules in different species correlates w*itli the degree of difference in their evolutionary develop- 
ment. This p;:rticular diagram is of horse cytochrome c. 
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infer that amino acids at these invari- 
ant or relatively invariant positions 
play a key role in the chemical work 
of the molecule. However, a direct 
test can only be provided by examin- 
ing the three-dimensional structure of 
cytochrome c, with particular refer- 
ence to the clustering of amino acid 
side chains around a group of carbon, 
nitrogen, and iron atoms called the 
heme group. 

Richard E. Dickerson and associ- 
ates at the California Institute . of 
Technology have been working on the 



X-ray diffraction analysis of the cyto- 
chrome c structure since about 1963, 
with grants from the National Science 
Foundation and the National Insti- 
tutes of Health. Through high resolu- 
tion diagrams of cytochrome c, they 
showed that the constant amino acids 
which always occupy the same posi- 
tion in the chain are those that allow 
the molecular chain to fold around 
the heme group and bring certain ami- 
no acids into the environment of the 
heme. They also show regions of the 
exterior surface with amino acids of 



limited variation. These regions ;irc 
pi'obahly involved In reactions with 
the cytochrome oxidase and cyto- 
chrome reductase molecules which 
are required for oxygen utilization. 

It now appears that there was some 
primitive ancestor of both plants and 
animals which derived the major 
portion of its energy from oxygen and 
which hiid cytochrome c as a part of 
its metabolism. The gene for this cy- 
tochrome c would periodically under- 
go mutation due to some change in 
the DNA, and a different amino acid 
would be inserted at some point in 
the molecuLir chain. If an amino acid 
were introduced at a position which 
produced a nonfunctional cytochionie 
c, the mutant organism would, in 
effect, .suffocate becau.se it would be 
unable to use oxygen and, therefore, 
would disappear. If, however, the mu- 
tation produced an altered amino acid 
in a less critical position, the new 
cytochrome c might function about as 
well as the normal form. Such a mu- 
tant would live, produce progeny, and 
become fixed in the population. Sub- 
sequent mutations might occur in the 
gene for the original cytochrome c, or 
in the new form. On the basis of this 
hypothesis, one should be able to de- 
cide whether a more highly modified 
form of cytochrome c came from the 
original parent or from the first mu- 
tant form. Development of diverging 
branches in the evolution of molecules 
can be determined in this way, and 
**phylogenetic trees" constructed. It is 
possible to conclude that it has taken 
about 20 million years to produce a 
change of 1 percent in the amino acid 
sequence of cytochromes and that 
plants and animals took their separate 
paths in evolution some 1.2 billion 
years ago. 

An evolutionarily stable molecule 
like cytochrome c, serving a critical 
role in an essential process such as 
respiration, however, cannot be ex- 
pected to give an insight into broader 
aspects of molecular evolution. Other 
protein molecules, which have less 
stringent functional requirements, 
have evolved more rapidly, and differ- 
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DIFFERENCES IN AMINO ACID SEQUENCES IN THE CYTOCHROMES C 
FROM SELECTED SPECIES OF ANIMALS AND PLANTS 
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By comparing the differences of types and positions of amino acid units on the cytochrome c 
molecules of different species, researchers have found tlie number of these differences between 
species corresponds to evolutionary differences. For example, there is only a sln|;le difference 
bfttwecn man and monkey, 12 between man and horse, H-IS between man and reptile, 21 
between man and fish, and 45 between man and yeast. Other differences exist between species. 
For example, there are 11 differences between a chicken and a horse, 26 between a fish and a 
rattlesnake, and 47 between yeast and a moth. 



cnccs in the structure of proteins can 
be found between individuals of the 
same species which are othenvise not 
notably different. These differences 
between and within populations are 
the materia^ • \v ' S natural se- 
lection op - the rela- 
tions are u<r -^^u lex * the molecu- 
lar basis of structure J function so 
poorly understood thjt many other 
approaches to the study of molecular 
evolution are needed. 

Nitrogen Fixation 

The ability of certain plants to take 
their required nitrogen from the at- 
mosphere instead of from chemical 
O fertilizers is vital to the present and 
Lie future nutritional and ecological 



needs of the world's growing popula- 
tion. To meet these needs, enormous 
increases must be made in production 
of protein-rich crops such as wheat 
and grains and other food crops such 
as corn and rice. The major factor in 
increasing these crops is the presence 
of nitrogen, a substance essential for 
their life processes. 

At present, nitrogen is supplied to 
plants in two ways — through the ni- 
trogen fixation process by which cer- 
tain leguminous plants as peas, beans, 
and soybeans "fix" or take into their 
systems nitrogen from the atmosphere 
by means of symbiotic soil microorga- 
nisms. The other method is by the 
application of inorganic chemical fer- 
tilizers. It is anticipated that increases 
in crop output through increased ar- 



tificial fertilizer use will reach a 
plateau in about S years for several 
reasons. Costs arc increasing to the 
point of diniinishini^ returns and, 
more significantly, the avail.ibility of 
nitrogen in this form does not corre- 
spond to the varying needs of the 
growing plants, with the result that 
only about half of the nitrogen ap- 
plied as fertilizer is used by the plant. 
The excess nitrogen is dissipated as 
runoff and is creating one of our ma- 
jor and increasingly costly pollution 
problems. W^hile chemical fertilizers 
provide about 7 million tons of nitro- 
gen a year, worth $0.42 billion, the 
nitrogen fixation process provides the 
major source of nitrogen: a minimum 
of 12 million tons of nitrogen a year, 
worth about $1.3 billion. 

Fundamental studies of biological 
nitrogen fixation supported by NSF 
include biochemical, physiological, 
and genetic aspects, all bearing on the 
entire area of nitrogen fixation re- 
search. Two projects in particular take 
different attacks, one having immedi- 
ate practical application of basic 
scientific discoveries and the other 
having future implications for solving 
many nutritional problems. 

A research group at Oregon State 
University has provided new informa- 
tion about the fungu. -induced decay 
in the heart wood of white fir trees, 
estimated to be a loss of over 1.2 
billion board-feet each year. Up to 
now, effortJ to cope with the problem 
were not very effective. Since wood 
does not contain much nitrogen, it 
was not clear how the nitrogen- 
requiring fungus thrives in trees. By- 
joint experimental efforts, an atmo- 
spheric nitrogen-fixing bacterium — 
probably a new specius — was found 
living in symbiotic relation with the 
fungus, providing the wood-destroying 
fungus with necessary nitrogen. Now 
the problem of controlling this decay 
can be based on a specific approach 
rather than on previous expensive and 
inadequate approaches. 

Another nitrogen fixation research 
is somewhat more complex, and its 
full implication has yet to be ex- 
plored. In studying the development 
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Nitrogen-fixing bacteria have been discovered supplying essential nitrogen to fungi that cause 

decay in living fir trees of the Northwest. This picture of a cross section of u'hite pine shows 

the cankers and decay caused by the thriving fungus within the tree's hcartwood, (Photo by 
Paul Aho, U.S. Forest Service) 



did the order originate, how is it per- 
petuated as cells are replicated, and 
what is its meaning? Classical experi- 
ments indicate that specific signals, 
originating in the cytoplasm, eventu- 
ally determine the course of develop- 
ment of a cell. The targets of such 
signals are the genes. Two current 
investigations start with existence of 
specific signals and aim at discovering 
the cytoplasmic organelles from which 
these originate, the nature of the 
signals, and the manner in which 
the genes receive and accurately in- 
terpret the information provided to 
them. 

Polar granules, found in the eggs of 
insects and of certain vertebrates, are 
organelles which send signals instruct- 
ing the cells in which they reside to 
develop into germ cells. If the gran- 
ules are removed or damaged — by ul- 
traviolet radiation for example — then 
an adult which lacks germ cells is 
formed. If these granules are reinject- 
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of hybrids between nitrogen-fixing 
plants and nitrogen-consuming plants, 
a research team performed an experi- 
ment of moving a piece of nitrogen- 
fixing genetic material from Klebsiella 
bacteria into E. colt, an intestinal 
organism, which then itself began 
to fix nitrogen. The implica.tion of 
such an experiment is important, for 
it demonstrated the future feasibility 
of inserting critical genetic material 
into economically important plants 
such as corn, wheat, rice, and other 
food and fiber crops to enable them 
to fix tnio?rf^' Mtrogc. '^^dr 
QVfn iiv?K- ig the need tor 

\ . .mical Loriiii/crs. 

htfoYmation Systems 
of Cells 

A biological problem of major sig- 
nificance is intracellular ecology. The 
^art is that the information bits inside 
) i^ cll arc precisely ordered. But how 



cd into a previously operated o j;a- 
nism, the germ cells will be formed. 
What researchers arc tr\'ing to iind is 
the mechanism, at the molccul.ir 
level, by which the polar granules sig- 
nal the genes in the cells in which 
they reside and thus determine their 
fate. 

The first step towards this goal is 
cle.ir. Polar granules need to be iso- 
lated and purified by the **bucketf uU" 
and then analyzed chemic.illy. Antho- 
ny P. Mahowald at Indiana Universi- 
ty has had continuing support from 
the National Science Found.ition to 
tackle this fundamental problem. His 
favorite material is Drosophila be- 
cause of the fact that exceedingly 
large numbers of individuals can be 
raised for analysis, and also there is a 
we.ilth of background genetic and de- 
velopmental work on this organism. 
With zonal centrifugation through 
shallow sucrose gradients, pelleted 
material has been obtained, about 10 
percent of which is polar granules, 
representing a thousandfold enrich- 
ment. Progress in this research has 
been slow, yet it has been gratifyingly 
steady. 

The same broad problem of signal- 
ling, from cytoplasmic organelles to 
the nucleus, is under investigation by 
Noel De Terra at the Institute of 
Cancer Research in Philadelphia. Her 
material is the ciliate, S/r«/or. The 
special advantages of this cell are its 
large size and its capacity for wound 
healing, permitting both detailed in- 
tracellular localization by autoradiog- 
raphy and microsurgery. The basic 
observation is that changes in the nu- 
cleus which prepare the cell for divi- 
sion by duplicating the DNA content 
are precisely geared to changes in the 
cell cortex, particularly the oral 
region, which is also readying the cell 
for division. When two cells in differ- 
e7it stages of oral differentiation are 
grafted together, they very soon be- 
come synchronized with respect to 
their nuclear events. This result and 
others show that the nuclear cycle is 
initiated and controlled by a ''back- 
bone" mechanism located in the or- 
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dies comprising the cell surface, 
.lis are transmitted from the cor- 
0 the nucleus either by extremely 
range diffusion or by means of 
-:ural connections between the 
rface and the nucleus. Attempts 
jistinguish these two hypotheses 
- under way. 
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environmental phenomena of the 
d earth, the oceans, and the atmo- 
lere surrounding the earth and in- 
king the energy-producing sun 
■■■u..-..'-c substantial impact on man and 
•er living creatures. Understanding 
a^ural forces, learning what causes 
'leom and how they affect the liveli- 
='-ad of man, and perhaps trying to 
'tccast or even control them, are 
-rrje of the objectives of environmen- 
tal research. 

"^.esearch studies concerning atmo- 
'•ric, earth, and oceanographic 
"i\cc may relate to local geographic 
onis or may be of such broad scope 
^'•^it extensive international coordi- 
MA-tion of planning, management, f und- 
and logistic support are essen- 
tial. In some cases, large-scale field 
operations are undertaken requiring 
the use of ships, aircraft, satellites, 
and other facilities. This year, U.S. 
scientists were increasingly involved 
with scientists from many nations in 
planning international programs and 
carrying out research projects of mu- 
tual interest. Studies of environmental 
phenomena are primarily based at 
universities, oceanographic institutes, 
and at the National Center for Atmo- 
spheric Research at Boulder, Colo. 

Studies of weather and climate on 
medium and global scales continued 
receive major attention in the at- 
hhcric sciences^ as did investiga- 
tes in atmospheric chemistry, inad- 
^ crtent weather modification, atmo- 
spheric electricity, and the physics of 
Water transformations within clouds. 
Many aeronomy research projects of 
the upper atmosphere dealt with in- 
teractions between ionospheric constit- 
uents and energetic particles and ra- 



diation. The solar atmosphere and so- 
lar wind, and the reaction of the lat- 
ter with the earth's magnetic field and 
ionosphere, were subjects of numer- 
ous research projects. To study the 
total eclipse of the sun in June of 
1973, research projects are being 
planned for Africa where the greatest 
part of the eclipse will take place. 

University research aimed at un- 
derstanding the dynamics of world- 
wide weather and its prediction is 
supported through the Global Atmo- 
spheric Research Program (GARP) . 
One immediate objective of this inter- 
national program is to determine the 
types, freqKsencies, and density spac- 
ing of observations needed to create 
models of atmospheric behavior. /\ 
major international experiment, 
known as tne GARP Atlantic Tropi- 
cal Experimrfint (GATE), is planned 
for the summer of 1974 in the eastern 
part of the equatorial Atlantic Ocean, 
as well as in a belt across the ocean 
and including parts of Africa and 
South America. This experiment is 
particularly important because the 
tropical oceans receive the major part 
of the solar energy that ultimately 
controls worldwide weather sys- 
tems. 

In the earth sciences^ concepts of 
seafloor spreading and plate tectonics 
continue to be tested and studies 
made on their role in mountain build- 
ing, seismic activity, volcanism, 
sedimentation, and the postpaleozoic 
history of the continental plates. 
Research projects now exploring con- 
tinental drift and geologic history 
include studies on stratigraphy, paleon- 
tology, geophysics, and the geochem- 
istry of igneous rocks. Also, since the 
damaging San Fernando earthquake of 
February 1971, investigators have 
become more interested in technique*^ 
that might lead to increased unci - 
standing and possible prediction of 
earthquakes. 

Major support for oceanographic 
research continued to be in physical 
and chemical oceanography, geology 
and geophysics of the ocean basins, 
and biology and ecology of marine 



organisms. On pi^r \;br terest ir: 
geological rc^-iTrvin • 'v ihe cOmr 
samples produ:^ can Sedi- 

ment Corint; ' ::ina: 

Studies of Or£:^^ »' riv univer- 

sity scientists w^ . iinh, xi urnder the 
International Fteid Yc- ■ ttor the 
Great Lakes. Tnis irF r coooperative 
program between the jnieed States 
and Canada, with f.c?:Tr' ai^encies of 
both countries invokej 'hr ultimate 
aim of the prop-ara p niEprovc the 
scientific basis for - :agement of 
Great Lakes resaurxCiJSu 

ATMOSPH ^ : SC]KXC1-- 

The NCAR Global 
Ciravkafimi Model 

Numerical simukrion of the global 
atmosphere pmov&rs a framework 
within which cn:»c rmany physical pro- 
cesses that function as components of 
complex atmosBSderk: systems can be 
assembled and rfeir relative impor- 
tance in the lai^ge-scale behavior of 
the atmosphere can: lie; tested. At the 
National Center far Aannospheric Re- 
search (NCAR). :i major effort in 
numerical simuktran is centered 
around the global circulation model 
(GCM). During fecaJ year 1972, de- 
velopment continuiBdii on the standard 
version of the GCM which has a 
network for the entirerglobe with a 
vertical grid spacing of six levels at 
3 -kilometer intervals plus the surface 
level, and a horizontsi grid spacing of 
either S° or 2.5° m latitude and 
longitude. This model allows for vari- 
ations in cloudiness, soii moisture, and 
snow cover. Recent GCM studies of 
the effects of monntaans have indi- 
cated that moimcain isanges are nd£ 
little importance kjcsmtulating lar^ 
f^iitures of the ^.miBBtfl^TC, althou^ 
they caim be quite «attgiBvftant on th-: 
regional! scale. 

The ^''r.*!p!. gldbwi scrrcrtiat ion mod- 
el has a iiiuque miwlular design tha: 
permits its use in a "^rietv of experi- 
ments by substitutimg different com- 
ponents for those useid in- the standard 
GCM. Thus, it can jaasrxfwade available 
for a number of iiMRr. ^studies with 



othi?r sciirrm--.: .ii NCAR, universi- 
ties, and rater institutions. Some re- 
cent join-r ^iro/ects have involved: 

• Investigations of cumulus con- 
vection, by scientists at Florida 
Sta:tc Um?wersity, that should lead 
to mxffovcd studies of latent 
heat rL'L'ase in the iropics in 
i^lobal-scjJe numerical simulation. 

• A conrpiex photochemical treat- 
ment for the production of 
ozone, to be tested in the GCM's 
stratospheric version, being de- 
veloped by scientists from the 
University of Colorado and from 
the Swiss Federal Institute of 
Technology'. 

• A study of possible effects of 
thermal poMution on i;lobal cli- 
mate, undertaken at the request 
of Oak Ridge National Labora- 
tor>'. 

Encouraged l y their success in de- 
veloping a tropospheric model, NCAR 
scientists began designing a strato- 
spheric global circulation model. 
Because the troposphere is a major 
source of energy for the stratospheric 
circulation, it was necessary to have a 
good tropospheric model before at- 
tempting to model the stratosphere. It 
appears that an intricate interaction 
between the troposphere and the stra- 
tosphere may play an important role 
in climatic fluctuations. 

Numerical experiments related to 
the design of observing systems for 
the Global Atmospheric Research 
Program (CARD?) continued at 
NCAR (see pages 38 to 3?), 

Idojiifimtion of 
Solar M-Kegions 

The interdiscipEinaary field of solar- 
terrestrial phys es dfflls ^V^n?^riiii!!«<5rrek 
tionships amon.:^ S\ ! ^ ^»f1^*?%»f riv* 
magnetospheric, io^msph , , ^v\i\ 
mospheric pbenoinaffn;^. 3n recent 
years, measu:rcmcnt<s made hy space- 
craft have p*ttyadc!f[ &:ect knowledge 
of the magnctosphcse and interplane- 
tary space that offers a new and dif- 
.ferent picture of the relationships 



'•^^'^v-emn flolar acm-ity.. the solar wmd, 
y . -aTrnEtgnetic a.ctiTTixy. 

•i- ^xnthesis of tiTirs newr materml 
X- r-^ rcxznl tlieon:»ricidi advamces from 
N\ 1' HigH. Affimde ObservatorTk- 
hi:, roT^'n nc^ iiigbic on the identity 
sc>-^Lled SQiiiar "M-regions" or 
smir -cs ccmittins: soHar particles. For 
rr^^. ny years, ir has been recognized 
iy'\M phessinmem in nhe terrestrial up- 
rzr atrTicE??iphere, notably changes in 
v^- map3Ctic field, tend to he period- 
ic, repesning with the solar rotation 
pf-:nod c-ii about 27 days. These distur- 
bances were widely attributed to 
h-^'ams of particles emitted from some 
long-lived solar sources. However, the 
Ideation and nature of the solar '*M- 
regions'* producing these beams were 
not clear. The principal difficulties in 
tracing the solar-particle beams back 
to their origin on the sun lay in the 
possible deflection of the particles by 
corortail magnetic fields and in the 
spiral paths traced by the beams in 
interplanetar)'' space. The latter effect, 
produced by solar rotation, could be 
understood only when direct measure- 
ments of the particle speeds became 
available. 

Three lines of evidence developed 
by NCAR scientists point toward a 
resolution of this problem. A detailed 
theoretic3iI model treating the forma- 
tion of the solar wind in the presence 
of 3 coronal magnetic field indicates 
that the magnetic lines of force are 
open above magnetically simple "qui- 
et" regions on the sun, allowing an 
outward flow of gas. But the lines of 
force are closed above magnetically 
complex active regions, preventing 
any Outward flow. The spiral :beam 
configurations deduced from observed 
particle speeds . and the magnetic 
characteristics of the beams also im- 
ply an origin in the open magnetic 
iield lines. Finally, a strong correla- 
umn of open ma^etic field con£gii ra- 
tios with geODBtt^netic actiicatw has 
been found.. Thesgt diree stui&fi argw 
^«WBtigly doic: "'M-iEgions*^ its relUkvis 
tot the niwiptBetic channeling «Bt vM 
OMt^ward-^biRong oaaronal plasma^ axud 
ane- not rasscaciated with solar aeriv- 
ity. 



Magnetospheric 
Electric Fields 

The magnetosphere — that portion 
of space influenced by the earth's 
m::^'netic field — contains a \^•ide vari- 
e^^- of particles with energies ranging 
fnnm thermal energy to tens of niil- 
laoTKs of electron volts. These particles 
are charged (ionized) and form a 
scare of maxxer called plasma. Be- 
causie the plasma in the magneto- 
sphetrc is fairly accessible, undergoes a 
wide range of natural disturbance 
levels, and is not dominated by energy 
losses for short lengths of time, it is 
perhaps the best magnetized plasma 
in which to study little known or un- 
known processes in electric field gen- 
eration and particle acceleration. 

Particles in the ma|;netosphere are 
controlled by magnetic and electric 
fields in addition to the gravitational 
forces and gas pressure laws that are 
the dominating effects in the low^er 
atmosphere. During the past year, a 
number of electric field measurements 
have been made on the magneto- 
sphere, with the majority of the data 
applying to its low altitude boundar)^, 
the ionosphere. Despite these addi- 
tional measurements, existing models 
of the magnetosphere have not been 
able to provide an accurate extrapola- 
tion of electric fields measured near 
the pole to those fields at great dis- 
tances several thousand kilometers 
from earth. Yet, by assuming that 
magnetic field lines are electrical 
equipotentials, researchers at the Uni- 
versity of California, Berkeley, and 
the University of Alaska hawe calcu- 
lated electric fields in space ^s^bove the 
equator. The resulting estimates are 
reasonably compatible with values 
presently known from spacecraft ex- 
periments. 

One technique for deducing magne- 
tospherk: electric fields is the obser«ai- 
tiom tai !>^cific mottoilfi of very loiw 
iaaa^fifimcy whistler wnves — radio si^- 
male 'w^bodi arch out inso space along 
the ilii«» of the earth *s magnetic field 
froim pole to pole some 60,000 to 
80,0)ft© kilometers toward the sun. 
Other techniques include the use of 



Rrlvaspiir-fram rockets, barium vapor n«ives Jit hisfhi ^pccd along rthc canli's Tuagnctic field, thus 
maaktni: the field line "visible" for a jEjrcax ^discaxjcc:, as sliowni in this scries of p5iotographs 
tracing ihe barium . Plasma instabilities cause the scnieak to brcaik into multiple striations, as 
clcarlv vantat E -|- 1 3 minutes. (Photov by Geophysiical Imstitutfc, University of Alaska) 
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electric field probes on balloisni:: 
floating underneath the ionosphere, 
the tracing of motions of ionized banri- 
um clouds released into the imnB- 
sphere from rockets, and measasre- 
rnents of the velocity of the amhimn: 
ionosphere plasma by backscatrrrrE- 
radars. 

Observations indicate that mag;iEr 
tospheric electric fields can be conr* 
lated wiiii large-scale convection pm^ 
terns of the global plasma motion 
and associated fields at ionospheric 
levels. 

At high latitutfes, including the au- 
roral zones of around 60-65° lati- 
tude and the polar caps, the basic 
pattern of plasma motion has been 
traced. The pbsma moves in paths 
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the ^ snction -of the magnctosphcric plasma ac high latitudes ijs associated with an electric field, 
"liffi basic dicsiribuiion ol this electric field Heads to a cKxn^' ixt potenrizl of tens of kilovolis 
Mivf:/!** the polar cap. 



FLOW PATTERNS OF MAGNETOSIIHSPiCJIiyVSMA AT HIGH LATITUDES 
(Diagram looks down on c»ftltitami above Polar Cap) 
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At the earth's high latitudes, the magnetoaphfcrpii^ plasma moves in paths away from the sun 
across the polar cap and returns toward the sun ar, the aucoral zone latitudes (around 60° to 
70° geomagnetic), in the twilight regions of dafcon and daaiu. 



away froim tdie sun across the polar 
cap and reanms toward the sun in the 
lower latitnnles of the auroral zones — 
in regions of twilight of both dawn 
and dusk. The clectxic field is inti- 
mately associated wjth this tmotion 
and £iiuui measurements of tbis field, 
researclrer^ ihave found that the po^ 
tential of the magnetospheric ifield 
voltage drops some 20 to lOD ki- 
lovolts across the polar cap. This drop 
is roughly equal and opposite to the 
sum of the dawn and dusk potential 
changes in kilovolts in the adjacent 
auroral zones. 

Many types of detailed variations 
in the distribution of magnetospheric 
electric fields which occur in associa- 
tion with perturbations called magne- 
tospheric substorms remain to be sat- 
isfactorily exjplained, and the impor- 
tant questiGm as to how solar wind 
energy and! momentum are drawn 
upon to dx'me magnetospheric convec- 
tion a waic2B;-2i defi ni tive t rea t ment . 

EARTH SCIENCnS 

Thermal Cmssmii^n in 
Geologic Systems 

Thermal conmnec tion wi th i n the 
earth is tiie process that is probably 
responsible for the transfer of heat 
and plasticrniatErial from deep within 
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the miamile towaund the Wlid crust lof 
the cjiirrth. It h TsiAicvitd to be 
imponaami: part -'nn dniving mecha- 
nism irir seaitoi jpreaoiing and the 
movionxiini: of ixuicj^- siabj .of the earth's 
crusi. iiianl. ir Trsn' lis ^esgraecially signifi- 
cart 3Et :i;he imgvnmrjix aaf molten ma- 
terials Tniat tem :a vvarisaiy of igneous 
rocks, i^ccacise TfermaJ! convection 
occurs diep ^rithin the earth, it can- 
not be observed direcdiy, and it must 
be studied rhrougb cam trolled labora- 
tory experimentation 20 determine the 
nature of convecaive ceils, their pat^ 
terns, and movements of materials 
under dii^erent tfittcrmal gradients and 
different boundary conditions. 

Such a laiaranaiiDr}' study is being 
carried out hy Somdev Bhattacharjii, 
Brooklyn Collegje tof tiie City Univer- 
sity of New T(ork, who has focused 
attention on the -origin of certain fun- 
nel-shaped bocHies and connecting 
"pipe" srructures* Such geological 
*'pipes" may be conduits through 
which convcciiDWJE currents transfer 
hot molten inittaerials from deep to 
shallow areas wbaoe the melt crystal- 
lizes. Studies of aihe pipes can prorvide 
fundamental data wn the chemical 
and physical liistory of* the upper 
mantle, as ^^JsM as the evolution of 
structures ciuring inovemeiit and 
solidtficatio-n ai mohscn materiaSs. It is 
worth noting jrlsw nliac igneous rocks 
associated wiaifc tfesse geological pipes 
are sootrces of raxsry econon:iically im- 
portaniir Tnineisls. 

Dr. EfritTTtintojii laas given special 
artemiioffl to xmt physical and :struc- 
turalj ipuDwierties; <rf Jaboratory models. 
Liqxiicis oif suicaMe ^iiysical and ther- 
mal yoprtnnies anad solids of various 
dcnsiicies, stziE^ amci shapes, simulating 
pnoperties of Tvanribus plastic molten 
rocEk. materials: jbudoH natural minerals, 
weie placed inr 2a ^specially designed 
aqp^wnratus thasr afcwed heating of the 
RBDnQmires to proi&xce convective How* 
Goimrective cdl pao-ttcrns were racord- 
c<i photographkA^iiiy. Mixtures of 
coconut oiQ/watisr and oil/stlicone 
flipiids of "varybig viscosities were 
used to simulsze immiscible and 
sli^tly miscflilc molten fluid rock, 
amd plastic ijss^faatnts were used to 



ihimulaD^ Lcrrain mineral species- 
nXhcTTr: rni — rrrobes measured tempHT.:; 
ttirres :: sinmerous points in 1**^' 

uuir v.;vs applied to the i - 
ilu-^l^^rj^i .nu patterns of heat tran r:-: 
4ina mf i*mcrnt of material were 
^er\-ed. 

IFlow nanirrns de^'eloped in the ex- 
perimcr:r shammed a number of chaj*ac- 
teristii. of sseolagic significance. For 
:?x,Tmpi^ cce^ain flow pat terns were 
found r o b«' mtisymmetrical (wall- 
to-u;d rarhisr than symmetrical 
(ccTtte- -u)-w;^]Iii, reflecting a distriibu- 
tier? 0! mateniu;! considered to be of 
pa: M .ar relirvance in the develop- 
me-'v of geologic structures as well as 
in ::33r insidcnsia reding of .chemical xnd 
pecrdbgicni wariations in volcanic 
vcrats amd pipes. The study also indi- 
cacaad ^^soLt enmx'ECtion, under certain 
flowTi'^nensB contibined with difFereiu- 
tiali ginivnisr saittling of *'raiinerail 
grams/' piraDtluces layering, a promi- 
nenr ' " iture of ^many rocks s-^e 



espcweJ -^oday. Also, predicted. 
conTec ■ ' ^ turbulence facslii::.i£s pro- 
loTica' yfiennsion of miir-ter^. ijrains. 
Tliii ^:inLer with diflfereni ... CTvity 
seitli ir: crystals of vani^uLS sizes, 
shape densities, leads H) a sort- 

ing ^ Coupled with ccnrrv^ective 

puJs.i::;!)!, rnnthmic layer in ji: s pro- 
duced rr experimentally developed 
runnel- sh^-r^yttD bodies. Rhythmic layer- 
in c comsnnm in certain natural ignc- 
ou rock , such as the chromite- 
bea rjng roiiks of South Africa- 
TeardropLikc structures develop when 
• dominar^t vertical thermal i£^radient 
naodificd by fasr chilling from 
abov^. 

The strong similarity of experimen- 
tally developed structures 10 those 
found in some igneous rock bodies is 
notab^ aaid demonstrates the applica- 
bility oi i,^boratory modeling as a sig- 
nificant aasproach to the understand- 
rng of !mTs:riy geological processes. 




la a JUfcoratocy scnuBjr of thdjifi?^ conwooebn ; patterns, mnaals in flnnds^ smmhang natusal 
miMnpjffe and iiHihi,n fock. risc-aWi ' v WRcbbase to ihczsiSSkd roof mn-r mrm drop in tear- 
dnnf-Ae deiUMty cuceents and iam'V,psammy(^ 



Sea in Motion 

Cent: pliysic.il .ind chcmic 

occ-inoer: zm?^. research is undcrs* .mi-- 
ini: of r:f . ph v. .jcai; proccs-sics tlur iltt 
the sc.; n itnotupm. Some imp ' rr.t 
drrvini; I'-rcc , arc the tides, the nj, 
and \^ln::-('^-^:'^ in atmospmeric - 
^ure and rater densities. N vL„. le 
proi^ress r understanding ih'j : 
Sjponse of : : _ ocesn to these tcrcies 
made as: year by Carl \Vui:no}i 
of the -Masvachu.setcs Im,xirute :)f 
Tech nolo uv He studied 8 years of \ 
level recoixiis ihnt \c.ere taken ac t: ' 
Bermuda JjBtiibin'cal Station, in an ^ 
tempt to re!iO)l!ve the various sea \cxv 
oscillatiojias irjto components rangim 
from onct cycle per 8 years lo onc- 
half cyciii;pcr :hour. 

He c?3?nclmiics that the North Atlart- 
tn Occa-n has n natural vibration peii- 
r.d ((r I-.S hoairs. He Aio found tlmt 
ihii' liiYsrnrrLtioin rate for t^e tides is r^o 
sti-onj: tr^Tic Lfthe force"^ . Meeting tides 

•. I're (oosc. the annpl'icitude of the 
'ulc> vtirtjciftii L<iiecrease by one-third in 
:0 snaauirrr; 'iXivxs latter Conclusion escab- 
"is'hff- Lie. need for greater under- 
>rar«mtj.i:: of the dynamics rof the ocean 
ncar^ rat* contiuratal man^mns, for it is 
: lere iimz the energy or ttlie tides is 
. aisjcr bmrcEg: dissipated or converted to 
oi lfiiiffr~Tr».fjtit>ns . 

Dr. Wumch further concludes that, 

ichttlBiis ' the lunar and solar tides, 
■Mt :k.v.el is dominaieci by atmo- 

r'hcric ^prKSEsmre variations for periods 
iiiorter i-irjsi a year. At longer peri- 
ods, :rht.> iarcing due to wind stres 
was dfimirainant. The effect of atmo^ 
spheric iiriimm ra^tc was found to b : 
negKgibln 

In adiaimiflm, Dr. Wunsdh used dat:. 

pMm-^ *t reguiEar posititsBu near Ber 
muda, w, inner pre t the irimsequencc 
of imernaul unotioms on the sea level, 
with the conclusion that internal 
waves Ihave a negligible effect on sea 
K'V<fjl. 

T.ra study has several major links 
^^mc acher programs. First, it demon- 
sxraite'; that it is possible to indepen- 



dently measure high frequency ioter- 
n.il motions within the sc.i without 
having many influencing elicvts from 
v.iri.i:ions in sea levels. SeconJ, '^torm 
^urgc^ due ro barometric pressure and 
vvjnds often cause abnormally high 
tides along coastal areas of the 
United States. .Adequate prednction uf 
storm tides requires knowledge of trie 
deep sea tides and continenaal shti«lf 
moiitmcations to these tides, Tinis 
^vork has established several pretmi^^^ 
th.it x\\ future studies on tick's miuisi 
cont-^iun. Particularly^ adequate knuwi- 
vxige of the rcsonanc3c period and dis- 
sipatson rate is reqiaired in all citdal 
computer rnodels. The high dissirri;- 
•^ion rate found for the tides and abe 
cliscov.cry that simplified equations; 
can be used to describe deep sea tiaes 
will greatly improvrc modeling and 
other prediction progrrams. 

Behavior of Marine 
Organisms 

Fxtrr years, biological oceanog- 
mpiaarrs have been constrained from 
t)bs'crvmg the behaviorr of live marine 
nni^nanisms by^ relatively crude collcc- 
!:inn techniques. Althaugh millions ojf 
nijologQcal samples have Ibeen fishesd 
from Tthe .sea by comventional nen:;, 
traps, tsottles, and trawls and placed 
in laboratory tanks an»il tubes for ob- 
servntiotn, mainy fragile, soft-bodied 
specimens are damaged and arc unabile 
to behave as they normally would iin 
their natural habitats. 

SeveraJ NSF-sponsored investiga- 
tors arc experimenting successfully 
'vvith new techniques for observing 
^Mtbwiiit distorting or dan^agini> tJac 
known behiivii^-r if^jUtrns <jr 
9mpi it M k t o m ( (10.15 c i ng or wealc i 
swimming animals) in their naturaO 
*t»^*.Mronment. 

William Hamsaer, TJaiiversiny of 
California, Davis^ is usiriET scuha div- 
:xrg techniques fcir direct observnition 
^f the plankton community in the 
deep blue waters of the Florida Cxtr- 
rent near Bimina in the Bahamas, 
where water clarity often exceeds 15^0 



rteec. observations ot \hcsc cx 

uicedingjv tran^p.irenr oru nisms re 
u]iiire a ^rror,'.; - winlijcht cdnir.ist, .iv.-i[- 
.ibic in x\ir- .Li;.'ef blue onvirorrment. 

During -.mvc than 1 00 hours : 
'Jnder?\-nte:- stuvdies. Dr. Hairrner's Re - 
search tear has oh verged rcm:irk.iI'':L 
:»iolo'^ical gihemomena: \or rdie hr : 
n:ime. suid:i .is t^e feeding belh.ivior rn 
xhe ptcroprvd Clcha. rtrevioiislv coir- 
MdeiY\l r.iiTt. Thiiis orcunism secrcixes .i 
Vree-rloatirrc mucus Txeh as wide 
1.2 metert diameter to colloci m:- 
.inrop lank toil upon which it feeds. Tli^ 
(Cih'ha mainr:ains contact with cibis net 
^Tth its extensile proboscis, while 
drifxiiig plankton becDme emmc-siicd 
ton its sticku- surface, thien it nrrricves 
aind imgcsrc^ the cntcre m;tss of ^ct and 
pi'ey. Tem to 1 5 janimails hjix-^e been 
sighted siiTTCultamcously spreadimi; their 
welv^ anc rushing in this extraordinarv 
msariTier. rreviously, only 17 hadlv 
tbrnaixd 'speacmenss have been col- 
lected froiJT the Mediterranc.i-1 ^nd 
Sairgasso SeaiK^ 

^^ften, - bchavBzirnI sequence nimust 
h& observed rmany itimes before iin: can 
'hv quajTtiiiicd. ^Anocher new t:echmque 
'•'y: Uudiyinnn: b^frhavmor of marime ari;a- 
mnms jx ^KoLIiiie is that of using film 
hokj^grapr??,-. li&r taking a scries of 
frames im holoi^raphic micromov- 
K', John 3.«fi-rs of the Instirute of 
Marine Rc^unimxes at La Joala, and 
VI i chad Miiiliim of Scripps In?;titution 
of Occanorrapihy citn observe motions 
smch as tk. '^^tolerttt leap" of rlie co- 
pcrpod Euc j^iamts in three dimensiom. 
1 be rap id smA un jwred i c t a b le motiom 
of rhiiK Kuvailmus h diflifol' 
w-rvc utttdcr SUniin i ,ucro'^i:ix^^ 
''<>n<H^MMf^i ^S^^itli citiiclloloi^raplfTy, IDt^.. 
Oicus"^ irmii I'tol'Iin pibn to study ftjed- 
ing: ihabiris of copepods, including idieir 
selection of prc^', methods (of capture, 
and ingestion. Suchi information is im- 
pomiant for umidersetanding food chain 
dynnmics ant£ for developing com- 
pjiner models otn dke subject. Ciineho- 
loginii]Dii\- niay become important for 
visuailiiiZ!23g the ecoFogically important 
emvimoMiaEsracnt of zoogDlankton interac- 
tions. 




Ob^cffvcffl for nrhc fijrst time in Tmrotiom, this Tfraaiib mainiav:- c>riC:amimTi Glcba j-ccrefct'S a ffcincc-floicinK 
tntucious 'wcb \\:Z1 mutters in dianieaiimr 'to capr;i««s; microwraK-.-mHrms om whicb it fctjds; r: tfacn ;rc- 
■■txtawt'S and iixtccsts tsiJie entire nci »Eniid prey. 



A basic motivntion of .in engineer 
is problcm-solvini;. In the process, ihc 
cni;incer translates basic know led j;c 
into practice and develops informa- 
tion or mcthodoloj^y where needed. 
Automobiles, the hii;h\vays they drive 
on, waste treatment and disposal, col- 
or television, nuclear power si .it ions, 
and the multitude of home appli.inces 
arc only a few examples of the 
accomplishments of eni;inecrinj;. 
Though at one end of the i;,iniut 
enqinecrini; intert.ices with the pure 
sciences, two factors distini;uish enci- 
nccrinj; research from the basic 
sciences. First, the work of eni;ineer- 
ing rcseairchers is more closely tied to 
GoverniTOCnt or industry programs; 
second, emj^iacerinj^ projects must in- 
crcm.sinqly talke into account a variety 
of [public meeids and concerns. 

The Enai^icaeerini; Division supports 
research iproyjrams, primarily at uni- 
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Tlhc "wiiolcnt leap" of the living marimc orpniism EucAavus is oli*«TVcd by a new technique for studying animal behavior — the 
•hnloi^rasphic movie. Tliis scries of slides, sBinw^n at 20 millisecond intcmffb at .i m.tK"'fication of IMsX, focuses on the antennules of tiic 
microsciftpic animal. Movements of other appcniim;es may be observed! by examining the cinelioloxrams at different depths of focus 
ind with greater m.i;;nification. 



vcrsities, th.'at are aimed at idie gener- 
amion of engineering LnformaitaoiQ, de- 
vdofprncnt of methodologies &ot anal- 
yses xsnd design, assisssmenr of the 
effects lof engineering projcGni, andl 
the :tnMiisiaxion of bmsic tec^rnology 
inm a form w^hich can be uwed in 
prantice. Early in fiscal! year 19:7^2, the 
division's activities ira cnatetrials re- 
search — including research aictivities, 
in both superhard materials fan" metal 
prooessiiiig and bionnaterials — were 
trarD-sferrecS tso the newly formaed Divi- 
sion of Materials Reseaindh (see 
pages 31 iDo 35). 

A special actiiwi ty in tke jgeneral 
incsearcfe support effort is the Eiesearch 
Initiatiofn Prog:i:ani, which Icis^ ibicen 
conducmed since B963w. THhis prtagjEam, 
designed to assist youmg eaaijinieering 
faculty mft^JDnbers. ;in esnablisBaiing a re- 
seanch career, hm bean of particular 
vabcre in enginesscing, wiaarc ongiineer- 
in^s; facuirdies liave ojtniongojne vasan 
changes fcrom tflie "art «if engineer- 
ing" -onenHied groups esi ,ZS vears ag® 
to highly versatile ssasd !rescarch>- 
oriented gcnoups today, .foi 1571, a new- 
feature was introduced' in the pro- 
gram, ^'Option B,*' which naade provi^ 
sion for a faculty mffimbcr w s^pend 
two $mmn?6crs involved^ with inndimstry, 
(cngiuKcring offices, Gov^esmmisnt llabo- 
ffltQflrses* or with a govemmeantal unit 
of ^soine leveB (city, ^Quncy, Stale, 
etc* ) im order to relate Ittis mjarrch 
actWitics tio reaJ-ve^orld pntoblomj. 

Genera! research suppmrt tcsnrfijrjs all 
areas off engineering; mnmy of ffihose 
efforts are ineterdisciplmmry. Asmong 
thmx oinganizeid areas o£ reseaftch are 
siirfli tdiivcrse concerns as .«)pticajl com- 
mu n mcgi ions, adimncedi .aiuiaiBnation^ 
chwinfirTil proGess udynamiic^:, \wnnd amd 
nacnusraH (disaster eo^neejaaag, andl phm- 
mn^iaund dbsigm of ttall biiiiMing&. 

Most of the research nai aihe orga- 
nized ancas lis stiil Hairir SbiMbmental 
:tn nature. Bat soiiBe ^of 5t is -coondi- 
mnted and oriented tuuwumd a partiau- 
ilbr ^problem area wlttdii may be of 
unutsually importaxit nocional signifi- 
cance^ and some inay he in aseas of 
research thoiit have not naDoiiwed 
sufficient attention for a vanttfitr <of 



reasons. The latter includes^ in partic- 
ular, various probSems related to the 
civil econoffny that are of iiimp>ortance 
to natDonai' prouiucciviry and competi- 
tive posfitiom. 

Axttothsr feature (of the Engineering 
EDivisiban's pTroecrams has been; the uni- 
vicrsiny -industr}' workshops, involving 
representatives <of organizations of 
botli to define' ithe present state of the 
arc arud to identify important future 
dircctinsms for research. During fiscal 
year 3 workshops were held 

in: 

• N«w Direcaiions in System 
Sdiencc amdi Engineering — The- 
Oiry and Practiiice 

• Gfiwripufilisers iTTiBiomedicine 
EMccts 'isi Magnetic Fields on 
CaaffaiBBnicataon Processes 

• TimfliHrscnrializcJ Building pro- 

CSSSSBB 

• E«TKJwor Cosit Housing Prob- 
Icmrs 

En^jinetftimig: Software Coordi- 
:xm)tiff)n 
'• Oltass P:"dBcessiim:g 

Tlhe reports ^pfodticfid by these work- 
shops are valmablk reference documents 
to those incercfttued in the area. 

SMp Traffic Control 

Eaclh year thece are about 9,000 
marline aiCcidfiiR«i<^ involving ships over 
5(1® grOKs tons. Total claims arising 
framn Aese accidents run at about 
S8X00 tnniffian per year. The admittedly 
vetry rmu^ ^^saiimates include only the 
direct ilosses?? m nihe shipping industry. 
Wiiich tflie airnirrenrsing size of bulk carri- 
crs:> and) the: icapid increase in the vol- 
unoe Ccsauiie iin dangerous cargoes, 
maaiine :a£inideEdt5 contain an increas- 
ing: ptid^ismid £or imposing costs on 
third' pairties lilhrougb pollution and 
datnaige m As ecology. 

Moineower*, a significant proportion 
of the ajcdidfcaits involve collisions in 
high tDcaflic denasty areas — primarily 
hairtbots and ichcitr approaches. For 
thffle .accidesaiEs, otear valuable coastal 
zonae iragions, there is a particularly 
hij^ peril of third party costs. At 
present, most of diose costs are not 



borne by the shipping industry-, and in 
some situations those unreturned costs 
can run several times the direct vessel 
and cargo losses. The time now ap- 
pears ripe for the development of 
methods for preventing vessel col- 
hsions in harbors and their ap- 
proaches. The basic idea is to adapt 
the most desirable elements of the 
familiar air traffic control system in 
developing a ship traffic control sys- 
tem. The initial phase of this work, 
which is being done by several investi- 
gators at the Massachusetts Institute 
of Technology, is limited to harbors 
and their approaches, but the idea 
could be extended to a worldwide 
routing system for the optimal sched- 
uling of shipping. 

Ship control schemes, of course, 
have many constraints different than 
those of air traffic control. Most of 
the existing supertankers have an op- 
erational speed of approximately 16 
knots, and it takes an hour or more 
to reach that speed under full power 
settings and with ideal currents. Re- 
sponses to a change of heading or an 
attempt to come to a full stop are 
sluggish. It should be no surprise, 
then, that vessel collisions occur when 
two shipmasters try to out-guess each 
other in a fog with tricky currents 
and no communication link open be- 
tween the vessels. 

J. N. Newman is concentrating his 
work on the effects of shallow and 
restricted water on ship hydrodynam- 
ics. A vessel with a 30-foot draft in an 
80-foot harbor may be considered as 
being in deep water, but a 60-foot- 
draft ship in the same harbor is defi- 
nitely in shallow water. Unfortunately, 
most of the available hydrodynamical 
data are applicable for deep water, so 
these important effects of finite depth, 
as well as the restrictions of channels 
are not available. Dr. Newman is 
translating ship maneuvering charac- 
teristics into needed hydrodynamical 
coefficients related to the environ- 
mental conditions. 

In another allied project, J. Devan- 
ney and a Swedish visiting professor, 
N. Norrbin, are developing a traffic 
controller that can provide course and 



speed information to all ships within a 
specified area jn real time. To do this, 
they must study the maneuvering 
characteristics of vessels, develop a 
computer program for simulating the 
vessel harbor system, and analyze 
various harbor control systems 
through that program. The heart of 
the computer program will be a de- 
scription of ship maneuvering charac- 
teristics as a function of specified 
physical attributes of the vessel and of 
environmental conditions such as 
wind, current, and channel dimen- 
sions. This program will then take as 
input the description of the harbor 
under investigation, the physical char- 
acteristics and the initial conditions of 
the vessels in and approaching the 
harbor and their desired tracks, and 
also the characteristics of the harbor 
control scheme currently under analy- 
sis — including individual vessel- 



operator response. The program will 
be run for a number of combinations 
of vessel scenarios and harbor control 
s}-stems, and the results analyzed to 
indicate for which control systems the 
expected reduction in collision inci- 
dence outweighs the cost of the sys- 
tem. 



'Plant Groivth 

Scientists searching for a funda- 
mental understanding of the process 
of growth in plants have turned in 
recent years to such engineering con- 
cepts as stress, plastic deformation, 
strain rates, and the effects of irrever- 
sible deformation. This led to the use 
of concepts from continuum mechan- 
ics in several key areas of plant 
physiology. Hypotheses formulated in 
terms of continuum mechanical con- 



cepts are now bei.i^ tested in diverse 
experiments. 

It has become clear that many con- 
tinuum mechanical concepts and sim- 
ulation techniques are applicable to 
behavior at different levels of plant 
organization — single cells, cells in- 
teracting in tissues, growth of a vast 
cell complex such as a whole leaf, and 
even the interaction of many organs 
in the growth of a whole tree. At the 
University of Massachusetts, Robert 
Archer, a civil engineer, and two 
plant physiologists, James Lockhart 
and Braylon Wilson, arc studying 
three aspects of plant growth, namely 
vector growth field analysis, mathe- 
matical-mechanical models ii^. tree 
growth studies, and cell wall mechan- 
ics. Vector growth field analysis is a 
first step in studying plant growth by 
providing a description of the dis- 
tributions of growth rates in the orga- 
nism being studied. Knowledge of this 
pattern can assist in subsequent analy- 
sis of the controlling factors of the 
growth and its results. The analysis 
begins with experimentally measured 
growth rates at a number of *'mark- 
cr'* points in the organism; from these 
data it attempts to determine the ve- 
locity field — growth rates for different 
points on the surface being studied — 
and its properties as a function of 
space and time. To do this, Drs. Ar- 
cher and Wilson develop mathemati- 
cal mapping functions working direct- 
ly from marker-point data on a pho- 
tograph of a growing surface (such as 
a leaf). As a check on the method, it 
has been applied very successfully to 
analyzing the growth of specific 
leaves. 

In the late 1800's and early I900's, 
considerable work was done on the 
influence of stress on tree form. Much 
of this early interest in stress de- 
veloped because of observations that 
stem form changed when trees were 
grown under conditions of low stress, 
and that stems become oval under 
unidirectional stress. In particular, 
tilting a stem results in compression 
wood being formed on the underside 
of the stem, causing the stem to bend 
back into a near vertical position. 




Based on actual maneuvering characteristitrs of two vessels — one a large tanker and the other 
a fleet oiler — this computer simulation shows their widely different responses to the identical 
command — a 30° steady turn. 



Drs. Archer and "Vi^ilson have de 
veloped a mechanical-mathematical 
model to obtain stress distributions 
and changes in slope during compres- 
sion wood lormation as tilted young 
pine stems become righted. Using this 
model they hope to develop a simple 
''feedback control" model to relate 
gravitational stresses and wood reac- 
tion. 

The development of the shoot and 
root systems of a tree depends on the 
interaction of the different organs 
within each system and also to in- 
teractions between the shoot and root 
systems themselves. Once established, 
the components of a tree may com- 
pete with each oiher for light and 
water and for internally supplied nu- 
trients moving from other parts of the 
tree. Thus, the development of the 
whole plant is the final integration of 
the mechanical and biological pro- 
cesses that are acting at the cell, tis- 
sue, and organ levels of plant growth. 
Drs. Archer, Lockhart, and Wilson 
are now constructing computer simu- 
lations of growing shoot and root sys- 
tems based on these interactions. Pre- 
liminary simulations using only num- 
bers of organs (not including lengths 
or geometrical information) have 
been successful. Later, by suitable 
modification of variables, it should be 
possible to isolate the differences in 
growth algorithms that result in the 
characteristic forms of oaks, or elms, 
or pines. 



d::ring startup, shutdown, and insta- 
bilities in plant operation. TTieoretical 
studies indicate that prediction and 
control of these phenomena may pro- 
vide the key to dramatic improve- 
ments in plant efficiency. In some 
cases, optimum production may even 
call for deliberate pulsing and cycling 
of operating conditions. Stimulated 
and aided by recent advances in ap- 
plied mathematics and electronic 
computation, analytical research in 
this area stresses dynamic modeling 
and simulation of process units and 
configurations. The research utilizes 
high-speed electronic controls and 
specialized computational equipment 
for **real time" acquisition and analy- 
sis of data. Such equipment is now 
available at reasonable cost. 

NSF supports several significant 
projects in this new field of chemical 
process dynamics. These include math- 
ematical analysis of coupled systems 
and theoretical and computational in- 
vestigations of chemical reactor con- 
trol. Especially notable is the pioneer- 
ing research of James Douglas at the 
University of Massachusetts. By ap- 
plying the theory of nonlinear oscilla- 
tions to analysis of chemical reactors, 
he has discovered that properly con- 
trolled periodic operation of chemical 
processes may enhance their per- 
formance well beyond conventional 
steady-state design. His current exper- 



iments with stirred-tank reactors. 
cr>'stallizers, and pipelines under oscil- 
lating conditions show promising re- 
sults. 

Another key project is the work of 
Roger Schmitz at the University of 
nimois. He is coupling experimental 
and theoretical studies of steady-state 
multiplicity, stability, and control in 
three types of continuous-flow chemi- 
cal reactors. New computing equip- 
ment in his laboratory* will be used 
for direct control and real-time simu- 
lation of experiments. Other grantees 
are investigating dynamic behavior of 
various specific types of plant equip- 
ment, such as distillation towers and 
extraction networks. Two of these 
principal investigators. Dr. Schmitz 
and Dale Rudd at the University of 
Wisconsin, are recent recipients of the 
Allan P. Colburn Award for signifi- 
cant research publications by young 
chemical engineers. 

SOCIAL SCfENT] S 

Research supported by the Division 
of Social Sciences has as its primary 
goal the advancement of scientific 
knowledge about the interactions of 
men both with one another and with 
the physical and biological world and 
the functioning of institutions which 
men have created. This, of course. 
Covers a very wide range of subject 



Chemical Process 
Dynamics 

The techniques of continuous pro- 
cessing that evolved 20 to 3 0 years 
ago in the chemical and petroleum 
industries were linked to relatively 
slow mechanical control systems. As a 
result, stability became the ideal of 
large-scale plant operation, and tradi- 
tional chemical process research has 
stressed steady-state analysis and op- 
eration of laboratory and plant equip- 
ment. Today, however, increasing at- 
tention in research is being directed 
at the dynamic phenomena that occur 
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The advent of better control systems and theory may make it possible to incre.ise the produc- 
ti«.-ity of chemical and petroleum processing plants by deliberately pulsing or cycling the 
operation. 



matter, from the studies of human 
evolution by anthropologists, which 
form a bridge to the biological 
sciences, to the advanced models of the 
economy by econometricians which, 
similarly, link with the ir.athematical 
sciences. Particular emphasis is on the 
construction of scientific theor>' and 
improvement of research methods. 

This year saw the establishment, as 
a separate program, of Research in 
Law and Social Sciences, an activity 
aimed at reexamining major com- 
ponents of the legal system in lerms 
of social science findings. One inter- 
esting program now vmder way at 
Stanford University aims at determin- 
ing if courts perform different func- 
tions in society depending on where 
they're located: urban versus rural, 
.and in States with var^'ing levels of 
economic development. If courts arc 
found to be functionally heterogene- 
ous in the sense they are optimized 
for different litigant classes and activi- 
ties, the legal community will need to 
reassess its expectations of courts' so- 
cial utility in various environmental 
settings. 

The field of social psychology has 
also begun to shift directions, moving 
away somewhat from predominantly 
laborator>' activities into field obser- 
vations, and becoming involved more 
with allied professional disciplines. 
Examples of some types of field 
studies begun recently by social psy- 
chologists include the effects of crowd- 
ing and overuse of State and national 
park facilities; the effect of hope on 
longevity in hospital patients; responses 
of teachers to verbal aggression in 
the classroom, including its impact on 
grades; verbal communication pat- 
terns of couples seeing marriage 
counselors; and more effective meth- 
ods for maintaining medical regi- 
mens. 

The methods of research by social 
scientists differ- from those used by 
c.isual observers and commentators 
on social behavior in that they seek to 
establish reliable and reproducible re- 
sults, quantified when possible. The 
objective is a cumulative growth of 
scientifically established knowledge. 
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Of special interest to the Founda- 
tion is work on science .-^.s a human 
activity and social institution. Scienx 
and technology are being studied as 
an economic force, as a social system 
organized both formally and in- 
formally, and as individual intellectu- 
al achievements. Historians and sociol- 
ogists of science are tr\'ing to discern 
the degree to which major scientific 
accomplishments are dependent on 
personal characteristics of outstanding 
scientists or on the intellectual "cli- 
mate" of the time. 

Ecofiomic Diffusion 
of Science 

Economists have been engaged for 
more than two decades in an effort to 
expand our knowledge of how new 
processes and products are invented, 
commercialized, and accepted. The 
nature of the diffusion process in the 
more research-intensive "science- 
based" industries is the subject of an 
important ongoing study by Edwin 
Mansfield of the University of Penn- 
sylvania. Specifically, Dr. Mansfield 
disputes the view of some distin- 
guished scientists and engineers that 
the diffusion process goes on differ- 
ently in such industries than in others. 
To help resolve this question, he has 
carried out a very det.iiled study of 
the rates of diffusion of 18 important 
process innovations in one of the na- 
tion's most research-intensive indus- 
tries, chemicals. For each innovation, 
data had to be feathered concerning 
the rate of growth of chemical firms 
using the innovation, the growth of 
each chemical firm's output produced 
with the innovation, and the growth 
of the chemical industiy's total output 
produced with the innovation. 

A number of significant conclusions 
emerged from this inquiry. First, it 
appears that the same sort of model 
applies very well in this science-based 
industry as in the less research- 
intensive industries. The pattern and 
course of growth in the number of 
firms using an innovation and in the 
increase of output produced with the 



innovation is much the same. And the 
profitability of the innov-ixion is. as 
' <?fore, a key determinant of the ra^v 
ot diffusion. Second, although tilic 
same kind of model seems to fit, : he 
parameters in the chemical industry 
differ from those in less research- 
intensive industries. Thus, when the 
profitability of the innovation and the 
size of the investment are held con- 
stant, innovations seem to spread 
more rapidly in the science-based 
chemical industry-. Third, there is evi- 
dence that innovations tend to spread 
more rapidly if the firms in the indus- 
try' are relatively equal in size, a 
finding which has special interest 
from the point of view of industrial 
organization and public policy. 
Fourth, Dr. Mansfield investigated the 
determinants of various other 
measures of the rate of diffusion in 
addition to the rate of imitation. His 
results indicate that the same sorts of 
factors are operative. Fifth, he looked 
in detail at the characteristics of the 
firms that have been relatively fast — 
or relatively slow — to adopt each of 
these innovations, embodying the re- 
sults of explanatory' econometric 
models. Although his present models 
offer some basis for technological 
forecasting,. Dr. Mansfiekl emphasizes 
that we need to know much more 
about the mechanisms and the costs 
of transferring technology from orga- 
nization to organization and from 
country to country. 

Tfje Scientific 
Development of 
Albert Einstein 

Twenty-two years ago, Albert Ein- 
stein challenged historians of science 
to find "a means of writing (history 
of science) . . . which conveys the 
thought processes that lead to discov- 
eries." Recent studies of Einstein's pa- 
pers by Gerald Holton of Harvard 
University have enabled that historian 
of physics to provide new insights into 
one of the great conceptual revolu- 
tions of all time — the development of 
relativity theory. 
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Therefore it would be of the prejtest 
interest to know within tiov* p,rcm n 
proximity to the sun bri^'.ht stars could 
be seen by daylight {without a sokir 
eclipsol with the help o( itie largest 
magnification. 

Upon Prof. Maurer's rccommonddtion 
I write to you, and beg you to lot me 
know wh<at the chances are to obtain 
results with the present day equip 
ment and your vast experience in this 
field. 

'Addressed to Prof. George E Hale, 
Pasadena. Calif., by Dr. Albert Ein- 
stein. Zurich. Switzerland. 
The Hale Papers. Transladon by Er- 
win Morkisch. 
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The Einstein collection includes 
thousands of private papers, letters, 
notebook, and scientific manuscripts. 
While some of the letters have ap- 
peared in various collections, the 
great bulk of the material has never 
been published. The papers include 
material documenting some of the 
factors contributing to the develop- 
ment of a scientific genius. They tell 
of a child whose inability — or un- 
willingness — to speak until the age of 
three led him to develop an extraordi- 
nary capacity for nonverbal conceptu- 
alization. In the view of Dr. Holton, 
such use of abstract concepts, rather 
than words, persisted into Einstein*s 
adult life. For the great scientist 
noted, **the words or the language, as 
they are written or spoken, do not 
seem to play any role in my mecha- 
nism of thought.** He said that he for- 
mulated his ideas in ^'physical entities 
. . . certain signs and more or less 
clear images which can be *voluntari- 
ly* reproduced and combined.** 

The controlling factors of Einstein*s 
development, Dr. Holton has pointed 
out, include early training, family in- 
fluences, personality, philosophical out- 
look, and placement among colleagues. 
In later years, Einstein said that 
two objects played a special inspira- 
tional role in his life. One was a 
geometry book that sent his mind rac- 
ing off in new directions as a boy. 
The other was a compass: The myste- 
rious, all-pervading "field'* of magnet- 
ic force that controlled the compass 
needle fascinated the child. 

This fascination ultimately led him 
to challenge contemporary concepts 
of magnetic fields and to develop an 
entirely new formulation of gravita- 
tional fields. Dr. Holton believes that 
Einstein*s habit of thinking in con- 
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This correspondence between Einstein and 
American astronomer George Ullery Hale dis- 
cusses an early (and not quite correct) result 
of general relativity. The letters were found 
by Charles Weiner (of the American Institute 
of Physics) at the Hale Solar Laboratory in 
Pasadena, Calif. (Reprinted with permission of 
the Carnegie Institution of Washington and 
the Einstein Estate) 



cepts rather than words played a key 
role. He cites a comment by Einstein 
to a friend when they were discussing 
the genesis of his ideas. *'These 
thoughts,** he said, "did not come in 
any verbal formulation. I rarely think 
in v/ords at all. A thought comes, and 
I may try to express it in words after- 
ward.** 

This habit of conceptualization 
made it easier for Einstein to break 
free of the methods of thought that 
prevented his contemporaries from 
recognizing the limitations of the con- 
cepts. of space, time, light, mass, and 
energy that are rooted in the limited 
capabilities of direct human experi- 
ence. 



Evaluation of 
Accom plishmefit 

Why do women* seem to achieve 
less success than men? One reason 
commonly given is that of male prej- 
udice against women and subsequent 
devaluation of female accomplish- 
ments. It is also possible that women 
themselves, although the targets of 
prejudice, may share the attitudes of 
the dominant male group. This un- 
derevaluation could reduce women's 
efforts to try to achieve and thus fos- 
ter an actual lack of achievement. 

A recent study by Sara Kiesler at 
the University of Kansas has shown 
that under certain circumstances 
women value the professional work of 
men more highly than that of women. 
She asked 120 college women to evalu- 
ate abstract modern art paintings by 
unknown artists. Fictitious biographies 
of the artists, half portraying males 
and half females, accompanied the 
slides of eight paintings. The paintings 
were identified as either a contest entry 
or a recognized winner. Students com- 
mented on the technical competency, 
creativity, quality of painting, emo- 
tional impact, and the painter*s prob- 
able artistic future. 

Responses to questions revealed 
that paintings ostensibly entered by 
males (but not yet evaluated by ex- 
perts) were judged by the subjects in 



the study to be better than identical 
ones credited to female artists. Evalu- 
ations of paintings which had been 
judged winners by the experts, howev- 
er, were evaluated by the subjects to 
be equal regardless of the painter*s 
sex. 

Bias against women occurred in 
evaluations of technical competence 
and predictions of the artist's future, 
areas in which men are expected to 
excel. Evaluations of creativity, emo- 
tional impact, and quality revealed no 
discrimination against women. This 
finding is consistent with common sex 
stereotypes which hold that although 
women may be expected to be less 
competent and have fewer accom- 
plishments than men, they are not 
expected to be less crciUlve. Because 
the paintings were abstr.ict ^nd diffi- 
cult to judge on the dimensions re- 
quested, it is probable that evalua- 
tions reflect attitudes held prior to the 
study. 

These findings have far-reaching 
implications. Although women favor- 
ably evaluate females* work which 
has received special distinction, lack- 
ing such information, they judge work 
by women to be inferior to equivalent 
work of men. It would thus be diffi- 
cult for women to achieve recognition 
when placed at the competitive disad- 
vantage revealed by these data. To 
appreciate the strength of this finding 
fully, one must recognize that it 
is based on a sample of women ex- 
clusively, a group which might be 
considered more sympathetic than a 
mixed one or one composed of all 
men. 

MAT1-RTA.I,S 
RI- SI- ARC! I 

The field of materials is a fas- 
cinating amalgam of ancient and 
modern. Archcological times are 
marked by such terms as **BrO!ize 
Age** and "Stone Age,*' but the rela- 
tively modern systematic variation 
and control of properties has been 
studied scientifically for only a few 
decades. Perhaps the first great step 
forward in sophisticated understand- 



ing of structure-sensitive properties 
came with the postulate of "the dislo- 
cation" independently by Orowan, 
Polanyi, and Taylor in 1934. The 
dislocation, or misregistry in the crys- 
tal lattice, is only one of a number of 
types of defects. Other defects were 
soon proposed and the number grew 
enormously; the best experiments 
varied one type of defect indepen- 
dently of all others to isolate the re- 
sulting property changes. 

After World War II, the remark- 
able acceleration in electronic materi- 
als came when zone refining made a 
suitably pure host lattice available for 
many interesting variations in com- 
position and resulting properties. In 
addition, theory was able to maintain 
a predictive role in these materials 
and, consequently, the electronics in- 
dustry ran away in sophistication 
from the traditional industries, which 
depended on less w'^ell understood 
mechanical and chemical proper- 
ties. 

About 1960, a major decision was 
reached to attempt to improve our 
knowledge of materials by providing 
significant research support at select- 
ed universities. The result was the 
establishment of materials science 
centers by the Advanced Research 
Projects Agency (ARPA), Atomic 
Energy Commission, and National 
Aeronautics and Space Administra- 
tion. Throughout the 1960's, much 
outstanding work in materials was 
sponsored in individual grants both 
from NSF and other agencies. Efforts 
are now being made to strengthen 
programs in the engineering aspects 
of materials while further extending 
the strong science base already 
present to include studies of nonelec- 
tronic properties. 

In 1970, NSF was asked to assume 
sponsorship of the 12 ARPA labora- 
tories, and also of the Air Force- 
supported National Magnet Laborato- 
ry (NML) at the Massachusetts Insti- 
tute of Technology. In 1971, NSF's 
Division of Mi^terials Research was 
created with responsibility that in- 
cluded the former ARPA laboratories 
(now called Materials Research Lab- 



oratories, or MRLs), the NML, and 
NSF's existing grants in solid-state 
and low- temperature physics, solid- 
state chemistry, and engineering ma- 
terials. Polymer science was added as 
part of the Solid State Chemistry 
Program. The Foundation now pro- 
vides over SO percent of the Federal 
support for materials research at U.S. 
educational institutions. 

The National Magnet Laboratory is 
unique in this country. It exists to 
provide ultrahigh magnetic fields for 
all qualified users and to develop new, 
advanced magnets. Meanwhile, the 
laboratory staff conducts research in 
magnetic phenomena and provides a 
number of innovative ideas for appli- 
cations of very high and very low 
magnetic fields. 

Over the past year, the Sohd State 
and Low Temperature Physics Pro- 
gram continued and strengthened its 
support in such areas as resonance 
physics; superconductivity; magne- 
tism; and electronic and optical prop- 
erties of metals, semimetals, and in- 
sulators. Also, in response to a num- 
ber of proposals received and the rec- 
ommendations of reviewers, research 
in surface physics, liquid crystals, and 
the application of light scattering 
techniques to various fields was em- 
phasized. Activity increased, too, in 
low- temperature physics; this well- 
established area now appears to have 
great relevance to some of the most 
recent and interesting aspects of sur- 
face physics. 

A broad range of topics was fund- 
ed in the Solid State Chemistry and 
Polymer Science Program, ranging 
from the synthesis of new polymeric 
and inorganic substances to the de- 
tailed structure determination of com- 
plex polymers and intermc-tallic com- 
pounds. In general, the chemical syn- 
thesis was directed toward novel 
methods to prepare polymers with 
improved properties. In the solid-state 
chemistry area, new compounds were 
prepared using high-pressure tech- 
niques. In the continuing effort to 
understand the structure/property 
relationships which are essential to 
the ultimate improvement of materi- 



als' performance, new methods of 
polymer characterization are being 
investigated using laser Raman spec- 
troscopy, dynamic X-ray diffraction, 
and new rheological instrumentation. 
Similar refinements of analytic pro- 
cedures for the inorganic systems are 
being encouraged, and careful work 
involving effects of impurities and 
defect structures is continuing. Theo- 
retical work, including configuration- 
al statistics of polymer chains and 
electronic band structure of inorganic 
systems, is a necessary underpinning 
to the experimental program in solid- 
state chemistry and polymer science. 
The Engineering Materials Pro- 
gram supports research in the follow- 
ing areas: materials preparation and 
characterization; electronic, magnetic, 
and optical behavior; mechanical be- 
havior; physical and extractive 
(chemical) metallurgy; materi.ils pro- 
cessing; and biomaterials. Continued 
growth is expected for programs in 
materials processing and process 
characterization (which includes met- 
al removal through cutting and grind- 
ing, powder conversion, and forming 
and joining) as well as for non- 
destructive characterization and de- 
sign of failure-free materials. 



Magnetic Filter 

At the Francis Bitter National 
Magnet Laboratory at MIT, some note- 
worthy advances in the art of purifi- 
cation and filtration using magnetic 
fields have emerged as a byproduct of 
an esoteric physics research project — 
a search for the magnetic monopole. 
The monopole is an elementary parti- 
cle whose existence had been sug- 
gested by Dirac, but which has as yet 
not been found. It was hypothesized 
that these high-energy particles might 
enter the environment of the earth in 
cosmic ray showers, be subsequently 
moderated by the oceans, and ulti- 
mately be trapped by the magnetic 
constituents of the ocean bottom sedi- 
ments. But the job of separating the 
magnetic components of the sedi- 
ments from the nonmagnetic was un- 
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feasible with the magnetic separators 
available when Henry Kolm began his 
research project a few years ago. To 
overcome that limitation, he de- 
veloped a new type of magnetic filter 
that could handle large volumes of 
sediments at rapid flow rates. 

His filter employed a matrix of 
steel wool magnetized in a high mag- 
netic field. The combination of high 
field gradient and high background 
field acts to exert strong forces on the 
magnetic particles of the sediments 
and trap them on the strands. The 
relatively open nature of the structure 
maikes for low flow resistance to the 
background slurry and, consequently, 
high filtration rates. Flow rates of 30 
gallons per minute per square foot 
are typical and are by no means an 
upper limit. 

Although basically simple in con- 
cept, the new filter has found applica- 
tion far beyond its original purpose. 
It proved to be a readymade solution 
to the problem of removing the yel- 
lowish titanium dioxide impurities in 
kaolin, a clay product used for white 
paper coating, and replaced a more 
expensive chemical form of treatment. 

It was at once clear that the filter 
was a potentially useful tool for sepa- 
rating out fine weakly magnetic mat- 
ter. What was not immediately evi- 
dent, and came somewhat as a sur- 
prise, was the discovery that it could 
be applied to the filtration of non- 
magnetic matter, including bacterial 
and algal matter. This process uses a 
finely divided iron oxide seed material 
to scavenge the nonmagnetic matter, 
which presumably attaches itself to 
the seed by chemical bonding 
mechanisms. The combination parti- 
cles are then removed magnetically. 
In some tests conducted on water 
from the Charles River Basin, follow- 
ing a single pass through the separa- 
tor, the coliform bacterial count was 
reduced from something on the order 
of 10,000 to zero; biological oxygen 
demand, suspended solids, and turbid- 
ity were also greatly reduced. Signifi- 
cant reductions in these indicators 
were also obtained with some samples 
of primary sewage effluent, indicating 



that magnetic treatment can have a 
place in more sophisticated treatment 
schemes of the future. The treatment 
of industrial effluents appears to be 
one of the promising areas for imme- 
diate application. As an outcome of 
this work, a team of Magnet Labora- 
tory scientists, H. H. Kolm, E. 
Maxwell, J. A. OberteufTer, D. R. 
Kelland, and C. de Latour, are inves- 
tigating these and further applications 
of the magnetic separation process 
under sponsorship of the Foundation's 
Research Applied to National Needs 
program. 

Preparation of 
Pure Compotmds 

Faced with a reaction that refuses 
to yield the desired end-products, or- 
ganic chemists sometimes dream of 
holding the reacting molecules tight 
with microscopic tweezers and forcing 
them to give the right products. While 



such **tweezers" are obviously a fan- 
tasy for reactive molecules moving 
freely in fluid solutions, in solids the 
surrounding molecules can "hold" 
reacting molecules and control their 
motion so as to give products quite 
different from those obtained in 
fluids. Although instances of the use 
and study of such control by chemists 
have been rare, there are many prac- 
tical examples of organic reactions 
that occur under the influence of very 
viscous or rigid surroundings. These 
include reactions in biological mem- 
branes and in enzymes, reactions 
causing decay of frozen foods, and 
reactions involved in the synthesis and 
in the fatigue and aging of plastics 
and other synthetic and natural poly- 
mers. 

There are many instances in which 
groups that would be of identical 
reactivity in solution are different in 
the solid state. For example, acetyl 
benzoyl peroxide (ABP) is decom- 
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Two of the reaction products of this ABP molecule react with each other to form new com- 
pounds. Experiments in which one of the available oxyi;en atoms is distinguished from the 
other by a slight weight difference reveal that in liquid either of the two oxygens will react 
with equal probability; in solid, the reaction occurs with the oxygen that held the original 
ABP halves together. 



posed by light into three fragments: a 
carbon dioxide molecule and two very 
reactive free radicals (A and B). In 
fluid ABP these two radicals undergo 
a bewildering variety of further reac- 
tions to give more than a dozen low- 
yield products. In solid ABP, howev- 
er, only two products are formed. 

The unique features of the solid 
state reaction are most evident by 
comparing the product from coupling 
the two radicals, A and B, in the solid 
with that from the same reaction in 
solution. When the oxygen atoms of 
radical B are made distinguishable by 
incorporating a heavy oxygen isotope 
(O*) in the oxygen bridge of ABP, 
we can show that coupling in solution 
occurs througli the two oxygens of B 
with equal probability, as would be 
expected from the symmetry of the 
radical. J. Michael McBride at Yale 
University has shown that the solid 
can hold radical B in a way that 
preserves a difference between its ox- 
ygens, and the great majority of the 
solid state coupling occurs through 
the oxygen which initially bridged the, 
fragments in the ABP molecule. In 
this manner, products consisting es- 
sentially of a single species can be 
obtained without the additional pro- 
cess of purification needed when the 
reaction results in several species. 

H OHIO genizat ion of 
'Powder Compacts 

Powder fabrication could become a 
superior method of producing many 
metals and alloys. Some techniques 
have been employed for many years, 
and the powder fabrication of mill 
shapes (sheet, forgings, bars, ex- 
trusions) is currently receiving con- 
siderable attention. The advantages of 
powder fabrication are: (1) a mini- 
mum amount of metal working and 
material loss in achieving a final pro- 
duct; and (2) a great potential for 
producing structures not attainable by 
casting techniques. The major deter- 
rent to the development of this pro- 
cess lies in the economics of produc- 
ing the high purity powders necessary 



as starting materials. Moreover, alloys 
are usually desired, and alloy powders 
produce tlie greatest problem. 

Nvinierous investigations have been 
carried out on the blending of ele- 
mental powders to achieve the desired 
alloy composition, followed by a long 
diflFusion treatment at high tempera- 
ture to achieve the required alloy ho- 
mogeneity. But such diffusion treat- 
ments are economically unfeasible. 
Thus, the basic materials problem to 
be solved is to devise a means of 
predicting the effects of fabrication 
on the homogenization process. This 
would permit tailoring the fabrication 
conditions to minimize the time needed 
to homogenize the material. Basic 
research in diffusion theory in past 
years, coupled with more recent de- 
velopments in numerical methods and 
computer techniques, have provided a 
means of analyzing the homogeniza- 
tion and fabrication process. 

Both mathematical model analysis 
and experimental studies have been 
carried out under NSF support by R. 
W. Heckel (at Drexel University and 
more recently at Carnegie-Mellon 
University) on the homogenization 
behavior of compacts in two-metal 
alloy systems. These studies have 
shown the value of analyzing the ho- 
mogenization problem in terms of 
specific parameters such as diffusion 
coefficients and solubilities for each 
phase, powder particle size, compact 
composition, and homogenization 
time. It has been shown that the ac- 
curacy of the model improves as the 
blend approaches an ideal distribution 
of particles. Moreover, the results to 
date have shown that even in poorly 
blended compacts, the model can be 
used to predict the relative effects of 
changes in processing parameters and 
conditions necessary for the most 
effective homogenization process. 

The analysis is general and can be 
extended to investigate the diffusion 
bonding of metals, the structural sta- 
bility of high temperature alloys, the 
stability of composite materials, and 
the formation of coatings for elevated 
temperature oxidation protection. 



Ulfra-Loiv Tenipcratiire 
Nuclear Pbase Transitiofis 

Individual atomic nuclei possess a 
spin and, consequently, a magnetic 
moment which enables them to orient 
themselves in a magnetic field. Thus, 
individual nuclear moments can, un- 
der certain conditions, give rise to 
magnetic effects similar to, though 
much weaker than, those produced by 
electrons in solids. The effects of this 
nuclear magnetism are best observed 
at ultra -low temperatures. The less 
abundant, natural isotope of helium 
(He'*) is a good example of such a 
nucleus which has a rather sizable 
nuclear magnetic moment. In addi- 
tion, it is of special interest since it is 
a simple nonreactive system with no 
electronic magnetism; thus the mag- 
netism of the nuclei will play a domi- 
nant role. 

The magnetic properties of both 
liquid and solid He'^ at ultra-3ow 
temperatures depend directly on the 
way the nuclear spins couple to each 
other and to the outside world 
through the electronic system in 
which they are located. Some physi- 
cists expected a specific arrangement 
of nuclear spin coupling in He^ at 
temperatures about 2 milli-degrees 
Kelvin in the solid, even in the ab- 
sence of an applied magnetic field. 
This expected arrangement of a type 
known as anti-ferromagnetic would 
consist of alternating directions for 
these nuclear spins. 

However, no direct experimental 
evidence of any spontaneous regular 
ordering of the nuclear spins in Hc^ 
had been observed. During fiscal year 
1972, a low-temperature physics 
group at Cornell University made im- 
portant new observations which en- 
hance our understanding of nuclear 
magnetic coupling in He'*^, by using 
a pressure cell proposed in 19 SO by a 
Russian scientist, I. Pomeranchuk. ' 
He suggested that one could achieve 
extremely low temperatures by 
squeezing a mixture of solid and liq- 
uid He^. The observations by the 
Cornell group were made at ultra-low 
temperatures with the apparatus 
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shown. A moderate He* pressure in 
the upper chamber is used to solidify 
the He'* in the lower chfimber. The 
He^ melting curve can then be 
studied, precisely down to tempera- 
tures as low as 2 milli-degrees Kelvin. 
Any nuclear magnetic ordering would 
show up as a pressure anomaly at low 
temperatures in such a cell Using this 
apparatus, D. D. Oshc3»*itf» R. C. 
Rixdnnrckon, and D. M. Kfo have re- 
ceamnkr discovered two heretofore 
unnxiiiicamied phase transitions in pure 



He^, These tr.insitions manifest 
themselves as abrupt pressure changes, 
producing kinks in the temperature- 
pressure curve, both during pressuriza- 
tion and subsequent depressuri/.ation 
of the cell. 

This result is the first evidence for 
phase transitions in a mixture of solid 
and liquid helium. Further experi- 
ments carried out at Cornell indicate 
that at these pressure anomalies, the 
magnetic properties of the liquid part 



of their sample changed dramatic.illy. 
Experiments do not yet confirm the 
existence of anti-ferromagnctism in 
the solid. They do indicate the 
presence of some kind of spin order- 
ing, as yet not fully explored, which is 
taking place in the liquid, RcLited 
work Is presently under way in sever- 
al laboratories to gain a fuller under- 
standing of these newly observed 
transitions, one or both of which may 
be the 'only known examples of nu- 
clear magnetic ordering. 




Using the pressure cell on the left, in which very low temperatures are attained, Cornell scientists discovered two pressure anomah'es 
(during both pressurization and depressurization) that correspond to what may be nuclear magnetic ordering. 



The Directorate for National and 
jbsRs^national Programs has the re- 
siw^billty for agency management 
<ttf niiiflflR! major programs and research 
caminnfr the Foundation having one 
iJXTfftmi^ ^ the following characteris- 



ant 



operational con- 

XBSSC;: 

'stic requirement; 

and continuing in- 
tennmioial involvement 
• faEflioBes joint use of academ- 
ic 



• coordinated and continuing 
scientific information activity; 

• major computer science in- 
volvement. 

Among the diverse activities which 
are administered by this directorate 
are three major oceanographic pro- 
grams; two large, ipolar research and 
support operations; five national ob- 
servatories and cfinters; the Fountda- 
tion*s progranrmnaiic computer actira- 
ties; the science iinforniation serrcuce; 
and the coord intiirion and suppQEE of 
NSF international research irE^woiive- 
ment. 



Table 4 

National ;and Special Research Programs Awards 
Frscal Years 1970, 1971, and 1972 

(Dollars in millions) 

Fiscal year 1970 Fiscal year 197X 

Number Amount Number Amount 

^ttitennationaj Biological Program 24 $ 4.00 37 $ 7.50 

G^Dtiai^^Atmospherlc Research Program . .. 19 1,49 31 1.90 

Internatjonal Decade of Ocean Exploration o 0 44 15.00 

Ocean Sediment Coring Program 25 6.55 8 7.13 

Arctic Research Program" .... O 0 32 2.00 

U^. Antarctic Research Program 128 7.41 121 7.76 

Oceanographic Facilities and Support .... 31 7.60 21 8.57 

£973 Solar Eclipse l:ogistic Support 0 0 0 0 

Total 227 $27.05 294 $49.86 



Fiscal year 1972 



Number Amount 



38 
37 
102 
8 
61 
139 
65 
0 



$ 9.44 
2.39 
19.67 
9.26 
3.54 
27.00 
14.52 
.06 



450 $85.88 
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The International Biological Pro- 
gram (IBP) for which the National 
Science Foundation is the lead agency 
in the United States, was initially or- 
ganized to study the biological struc- 
ture and function of ecosysterris and 
determine nian*s relation to them. 
One of the goals is to predict the 
consequences of possible natural or 
man-induced changes brought on spe- 
cific ecosystems. 



* Although administered by the Research 
Directorate, IBP is included here because of 
its identification as one o( the Foundation's 
National and Special Research Programs. 



Since these studies had to be under- 
taken on a large scale, it was necessary 
to mobilize large numbers of scientists 
from various fields. The research work 
was organized into large projects with- 
in five distinct kinds of life zones 
called biomes — grassland, desert, conif- 
erous forest, deciduous forest, and 
tundra. 

Most of the work on these ecosys- 
tems accomplished to date has been 
involved with the production of mod- 
els and the development of the neces- 
sary basic information to verify those 
models. Substantial progress has been 
made during this past year in de- 
velopment of validated segments of 
these models concerning interrelation- 
ships between plants and animals, for 
instance. Some semblance of predicta- 
bility is beginning to emerge, though 
as yet no predictive model for an 
entire ecosystem exists. 
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]\t*^iciTcii4:rs are bc^rrraing to ob- 
serve simitar phcnc-Tccna amorii; the 
vxrixius bitimes. A~ rnmal populations 
une now bcsnj; .c<v\\Vidcrard as control- 
ling. ai»ent.s rn ie\\N>v^- tr^pc of ccosys- 
tcn% rathcr Than • > Uf- 'V'^ at the top of 
ihc cncrg)- flow. .*Vr*.. ='f!(^r point was 
raised in prassLind .;*-^/a'^. where re- 
searchers ©tiiffserved ii- soil phos- 
phates appeirr to be .ii .rer in more 
arid regions of the bitansr: :Hnd at cer- 
tain seasf.vns. In other -^^^qsr/is. there are 
more stores of phosphire in areas of 
less precipitation and durrsag the late 
fall and winter when^-plams are not 
absorbing the phosphates. This raises 
questions on a possible relationship 
throughout all biomes .mioni; soil 
phosphate deposits, amount.s >v: pre- 



Much of the value of the modeling 
Work to date has been heuristic, and. 
scientists have had to synthesize 
meaning out of what might otherwise 
appear to be an assortment of nonre- 
lated data. For instance, scientists 
working on grasslands were able to 
predict from modeling efforts that the 
root biomass would diminish with 
moderate or heavy grazing. This sug- 
gested that the grazing animals, 
though not particularly significant in 
terms of flow of energy in the food 
chain, were very important in terms 
of controlling factors with possible 
effects on the diversity an.^ distribu- 
tion of vegetation. Another example 
of amassing various data into signifi- 
cant mean;ng can be seen in the 
desert biome, where scientists ob- 
served a strong interaction between 
the production of annual seed -bearing 
plants and populations of birds and 
mammals. Since nonliving factors 
such as temperature, water, and min- 
erals affect the seed production, scien- 
tists drew a formerly undefined con- 
cept that nonliving factors ultimately 
may control densities of animal popu- 
lations. 
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A 5-ycar computer simulation of an area below ground in the ^nisslands shows a decrease of 
root biomass /roni about 900 to 800 ^rams per square .meter wjtli moderate Kra7.ing by cattle. 
DurinK the time of gra'/ing each season, the cattle biomass increased approximately 12 to 21 
grams per square meter. The decrease in the root biom.iss corresponds to a long-term decrease 
in the vegetation above ground. 



cipir^tion, and the whole rhythmic 
paimyim of biological changes winh 
clitE3niiifi;ang senisons. 

Aaaother project included in ihe 
IT-S, section of IBP is the Conserva- 
trnm of Ecosystems in which research- 
cr3 are cataloging private natural ar- 
C3is^ such as tall grass prairies on pri- 
vare ranches, natural rivers not yet 
harnessed for power, and privxte 
seaslbore areas not yet modified or 
developed. 

The Human Adaptability Studies 
i^icLude research of the genetics and 
nutrition of certain Indian tribes of 
North and South America. Studies on 
the patterns of moving from one vil- 
lage to another, mating, and produc- 
ing offspring in the large South Amer- 
ican Yanomama tribe are producing 
evidence that mav xevise theories of 
heredity and gcnei tiBarw from an as- 
sumpmiiDn of nonrandom pattern of 
gene 'fibw to that of a random flow. 
Archaeological and ecological studies 
tracing populations of the Aleutian 
Indians may change theories of the 
migration of people to North Ameri- 
ca from the annass migration concept 
to that of a ^roery gradual population 
"drift." 

« Dirrijig: the :past year, a large re- 
searchi iproject was started on biologi- 
cal control of pests. Under the direc- 
tion of Carl Huffaker, University of 
California, Berkeley, some 19 institu- 



tiaons and several hundred scientists 
are working toward establishing tac- 
tics for regulations of pest popula- 
cions. The project uses an integrated 
approach to analyze crop ecosystems, 
msect pests that feed on these crops, 
nd predators and diseases that affect 
::ine pests. 

J..OBAL ATMOSPHERIC 
i [' SEARCH PROGRAiM 

During the year, the greatest em- 
phasis, nationally and internationally, 
continued to be concentrated on plan- 
ning and designing the GARP Atlan- 
tic Tropical Experiment (GATE) to 
be conducted in the summer of 1974. 
The objective of GATE is to extend 
our knowledge of the meteorological 
aspects of the equatorial belt, essen- 
tial for a better understanding of cir- 
culation patterns of the entire earth's 
atmosplaere. 

Work on Observing Systems Simu~ 
lation Experiments (OSSE) has been 
delegated to NCAR. These experi- 
Tnents are designed to assess and im- 
prove individual observing systems by 
meaais of numerical simulation using 
global circulation models. In a set of 



* Although administered by the Research 
Directorate, GARP is included here because of 
its identification as* one of the Foundation's 
National and Special Research Programs. 



numerical modeling cxpcrirmoBts in 
which temperatures .ire updaceJ every 
12 hours, it has been showcTj that a 
wisid field can be produced^ The .ic- 
cinracy of this wind field is .-. function 
of the -.ICC u racy of the tcnnperature 
data and the frequency with which it 
is updated. On the other har^J, If the 
wind field is periodically updated, 
then the temperature field can be pro- 
duced. Temperature updating is e.x- 
tremely important in forecasting wind 
fields on a global scale. In the tropics, 
Avind observations are the most im- 
portant variable to be measured. 
When tropical winds are updated nt a 
few, but nfflfc all, levels in vkse model, 
the forecast results are obser\^ed more 
rapidly in ihe vertical than in the 
horizontal direction. 

One of GARP's objectives is to 
understaaad che factors that determine 
tile statistical pro^pcrties of the gener- 
al cinmainttnon of the atmosphere 
which ^TOcjwfflld lead to better under- 
!Standing .ai£ the physical basis of cli- 
mate. I>iiiiiiJE; the year, stindies were 
initiated identify chmatic regions 
and boumiimiEs around the Northern 
Hemisphenrdby^ means of plant species 
and other biological indicators. 
Changes in the climate, past and pres- 
ent are most pronounced and most 
easily dewcted in the vicinity of 
climatic boundaries. Evidence of cli- 
matic chaiBge over periods of : time can 




The GARP Atlantic Tropical Experiment covers almost 40 pcreent of the global equatorial belt. Observations of weather conditions 
will be obtained from a variety of observational platforms, including land stations, ships, aircraft, and satellites. In the B-scale area 
of the Eastern Atlantic Ocean (a polygon indicated by a dashed line), very detailed analyses will be obtained by a concentration of 
ships and aircraft. 



usually be interpreted in terms of 
movement of climatic boundaries. 

GARP is associated with rhe fol- 
lowing fteld exj).criments th:2C have 
taken pbice, are occurrini;, or bcin^ 
planned throughout the world. The 
countries Listed in parentheses indicate 
those tJmnr. initiaited the experiment. 

MONiSOONEX— Monsoon Experi- 
ment (India) 

AMTEX — Air-Mass Transforma- 
tion Experiment (i|aj>an) 

POLEX — Polar Experiment 
(U,S,S.R,) 

NORFAX — North Pacific Experi- 
ment (U.S.A.) 

LIE — Line Island Experiment 
(U.S.A.) 

TROMEX — Tropical Meteorolo- 
gy Experimient (Enmtemational) 

FGGE — First GARP Global Ex- 
periment (Inter national) 

AIDJEX — Attdic Ice Dynamics 
Experiment (U.S.A./Caixada) 

WAMFLEX — Wave Momentum 
Flux Experiment ((U.S.A.) 

BDSP — Basic Data Set Project 
(International) 

YIMHEX — Venezuela Interna- 
tional Meteorological and Hydrologi- 
cal Experiment (U.S.A.) 

IFYGL — International Field 
Year of the Great Lakes 
(U.S.A./Canada) 

BOMEX — Barbados Oceano- 
graphic and Meteorological Experi- 
ment (U.S,A.) 

ATEX — Atlantic Tropical Exper- 
iment (International) 

JASIN — Joint. Air Sea Interaction 
(United Kingdom) 

GATE — GARP Atlantic Tropical 
Experiment (International) 

CAP — Continental African Pro- 
ject (U.S.A.) 

JONSWAP II — North Sea Air 
Sea Interaction Experiment (Ger- 
many) 

ASCENA — Niger River Project 
(Africa) 

CAENEX — Complex Atmo- 
spheric Energetics Experiment 
(U.S.S.R.) 
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T^ic Office for the International 
Decide of Ocean Exploration 
(IDOE? entered its second year with 
programs continuing in environmental 
quality, environmental forecasting, 
and seabed assessment. The programs 
were expanded during the year, and a 
fourth program — living resources — 
was addlfid. 

Concern for the environment is. a 
major consideration in IDOE, and the 
staff has worked closely with the 
oceanographic community to develop 
research programs leading to the as- 
sessment of the quality of the marine 
environment, the potential utilisation 
of marine Tesouirces, and the predic- 
tion of the stare of the world's oceans 
and their irrrpact on global weather. 
In particular, tojc Baseline Data Ac- 
quisicion Projsecr completed studies on 
concentrations and distribution of 
chlorinated hydiiocarbons, petroleum 
hydrocarbons, and heavy metals in 
the Aiilantic and Pacific Oceans, the 
Gulf of Mexico, and the Caribbean 
Sea. Significant results included the 
detection of polychlorinated biphenyls 
in most marine animals studied and 
petroleum hydrocarbons in open 
ocean ihlologlcal communities. The re- 
sulting: data were e\^luated at an in- 
ternational conference in May 1972, 
and the conference report was made 
available to the U.N. Conference on 
the Human Environment. During the 
evaluation conference, research prior- 
ities on studies of the effects of pollu- 
tants were recommended. They are 
now being used as a guide to subse- 
quent IDOE program development. 

A Pollutant Transfer Processes 
Project was designed to determine the 
pathways of pollutants to and within 
the ocean and the factors affecting 
pollutant transfer within those path- 
ways. Knowledge in these critical ar- 
eas will be essential for subsequent 
studies on effects and fates of pollu- 
tants. 

Preparations were completed for 
the Geochemical Ocean Sections 



Study (GEOSECS), ,i progrnm of 
measuring oce.inlc constituents at .ill 
depths .ilong sections from the Arctic 
to tlie Antarctic in the A thin tic and 
P.icific Oceans. The first major cruise 
bcg.in in July 1^7?.. Trace constituent 
and radioisotopic data are beinj^ used 
to establish geochemical b.isclincs and 
for quantitative studies of oceanic 
mixinj; and descriptive models of 
oce.in circulation. These studies and 
models are Important for research In 
marine environmental quality and en- 
vironmental forecasting. 

The Environmental Forecasting 
Program consists of the Mid-Ocean 
Dynamics Experiment (MODE), a 
study of the nature and role of medi- 
um-sized eddies in ocean circulation; 
the North Pacific Experiment (NOR- 
PAX), a long-term study of large- 
scale ocean-atmosphere interaction in 
the North Pacific; and the Climate: 
Long-Range Investigation, Mapping 
and Predicticm (CLIMAP) program, 
a study of clkanges in current patterns 
and water mass properties during the 
Quaternary period. Research results 
of the programs will provide a basis 
for improved and extended weather 
forecasts and lead to a better under- 
standing of climate and ocean circula- 
tion. Important environmental fore- 
casting studies also are under way in 
the Living Resources Program (physi- 
cal aspects of coastal upwelllng) and 
in the Environmental Quality Program 
(water mass circulation in the deep 
ocean) . 

MODE, begun in 1971, involves 12 
U.S. and three foreign institutions in 
a complex program of theory, numer- 
ical modeling, and field experiments. 
Preliminary field work and instrument 
development are being carried out si- 
multaneously. The first full experi- 
ment starts in March 1973. 

The NORPAX staff will spend* 
several years examining historical 
data, developing a numerical model, 
constructing buoy network hardware, 
and doing preliminary field work. By 
1976, NORPAX will be using 18 
telemetering buoys across the north 
Pacific Ocean. 



Sea Surface Temperatures <CC) 17:000 Years Ago in Summer Sea Surface Temperatures (*C) at Present in Summer 
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CLIMAP stnicntists arc conscruciimji rmaps that will indicate ssz. surttimc tempCTanrrcs foar" different periods thousands of years ago. 
The map t<y the left shows surfamr tcmjperatures (°C) 17.000 ycairs ji=«ti ^durin,«: tbc summer in the Atlantic Ocean. The map to the 
rigliit shows present-day tcmperamires during the sununer for A: 'Aurait- area. 



MODE - il-fnoaiEXPIERIMENT 




The Mid-Ocean Dynamics Kxperiment (MODE) is a complex program of theory, numerical 
modeling, and field experiments to study the nature and role of medium-sized eddies in ocean 
circulation. The, experiment is part of IDOE's Environmental Forecasting Program, 



CLIMAP scientists will produce 
sea surface temperature maps for 
periods 6,000, 17,000, 120,000, and 
700,000 years before present (B.P.). 
The 17,000 years B.P. map has been 
cornolctcd. 

ERIC 



The Seabed Assessment Program is 
designed to improve knowledge of 
resource potentials of the world 
oceans in order to permit better man- 
agement of marine exploration and 
exploitation and to assist industry in 



planning more detailed investigations. 
The program includes geological and 
geophysical investigations of continen- 
tal margins, ocean mineral deposits, 
and mid-oceanic ridges. The Eastern 
Atlantic Continental jMargins Study, 
now 50 percent complete, may out- 
line potentially valuable oil provinces 
and mineral accumulations. Mid- 
Atlantic Ridge studies have been the 
subject of workshops in the United 
States and abroad. A cooperative pro- 
gram on the mechanisms of seafloor 
spreading and on the generation of 
heavy metal deposits along the ridge 
crest has been proposed. 

When an IDOE workshop on deep 
ocean manganese deposits disclosed 
the existence of considerable unan- 
alyzed data in oceanographic institu- 
tions, IDOE supported an analysis to 
report on deficiencies, state of the 
art, and priorities in the study of such 
deposits. 

In the Living Resources Program, 
experimental verification of physical 
oceanographic hypotheses and coastal 
upwelling numerical models took 
place in mid-1972. The experiment 
was the first step in a comprehensive 
Coastal Upwelling Ecosystem Analy- 
sis Program designed to combine the 



lot study for the Arctic Ice Dynamics 
Joint Experiment was carried out in 
March and April 1972, when 80 uni- 
versity and government scientists 
from the United States, Canada, and ' 
Japan occupied three manned stations 
in the Arctic Ocean pack ice 
northeast of Barrow% Alaska. Five un- 
manned buoys provide supplemental 
data. The objective of the experiment 
is to improve techniques of fore- 
casting ice conditions and to deter- 
mine the influence of sea ice on the 
heat exchange between ocean and at- 
mosphere. The University of Wash- 
ington is coordinating the project, 
which is funded by NSF as well as 
other United States and Canadian 
agencies. 

The Tundra Biome project contin- 
ued in the Arctic with scientists from 
40 institutions. Two successful years 
of research have been completed at 
Point Barrow, Prudhoe Bay, and Ea- 
gle Summit, Alaska, and comparative 
studies of alpine tundra are being 
made at Niwot Ridge, Colo. About 
200 investigators have been involved 
in interrelated field research and ex- 
tensive computer modeling on terres- 
trial and aquatic ecosystems. Tlie 



physical occanographic and numerical 
modeling capabilities with existing bi- 
ological oceanographic and ecosys- 
tems modeling techniques. 

The National Oceanic and Atmo- 
spheric Administration's (NOAA) 
Environmental Data Service (EDS) 
provides centers for correlation and 
storage of data from IDOE pro- 
grams. EDS staff and IDOE investi- 
gators agree on format and schedules 
for data transmission to the centers, 
and the data flow from ongoing pro- 
jects has already started. 

Instrumentation devices developed 
under IDOE projects were tested and 
calibrated by NOAA's National 
Oceanographic Instrumentation Cen- 
ter. In addition, laser Raman spec- 
troscopy Is being evaluated for ocean- 
ographic analyses. 

The United States formally 
presented its IDOE program to the 
Intergovernmental Oceanographic 
Commission (IOC) in October 1971. 
The commission endorsed the pro- 
gram and called on member nations 
to present their programs to the IOC 
Executive Council. By the end of 
fiscal year 1972, the contributions of 
about 30 foreign countries — in the 
form of ships, laboratories, and per- 
sonnel, — to NSF-initiated programs 
exceeded $3 million, and there was 
promise of even greater participa- 
tion. 

In fiscal year 1972, $20 million in 
program funds were distributed in the 
following proportions: environmental 
forecasting, 4S percent; environmen- 
tal quality and seabed assessment, 25 
percent each; general support and liv- 
ing resources, S percent. Other gov- 
ernment agencies continued to play 
an important role in the IDOE pro- 
gram. Within the four programs, al- 
most IS percent of the funds went to 
Federal laboratories; the remainder 
went to academic institutions and in- 
dustr}^ 

M AR RRCiCRAMS 
Research in the Arctic supported 

The icebreaker Sou/hwhitf anchored near Palmer St.ntion on the Antarctic peninsula shortly 
through the Ofiice of Polar Programs before researchers began the survey of seals inhabiting tlic pack ice of the Bellingshausen and 
centered on two large projects, A pi- Amundsen Seas. .(Photo by U.S. Navy) 



goal is to develop models thai (;an be 
used to predict the effects of natural 
and artificial changes on the tundra 
ecosystems. 

Beginning with fiscal year 1972, the 
Foundation assumed responsibility for 
funding the entire U.S. program in 
Antarctica except for icebreaker sup- 
port. Under an interagency agree- 
ment, the U.S. Navy continues to 
provide the major portion of logistic 
support for the program. The loss to 
the program of two of the five ski- 
equipped aircraft used in Antarctica 
is putting a heavy strain on the K\i;is- 
tics operations, and two of the remain- 
ing aircraft must be retired soon. 
Despite these handicaps, resrarch in 
many disciplines continued year-round 
at four stations. In the austral summer, 
142 investigators carried out SI re- 
search projects at U.S. stations and in 
the field. Other investigators were 
aboard the research ships Eli an in and 
TIcro and on two icebreakers. As in 
past years, the U.S. Navy and the U.S. 
Coast Guard supported the program 
logistically. 

Byrd Station, an under-snow instal- 
lation in Marie Byrd Land that had 
been occupied continuously since its 




completion in 1962, was closed in 
January 1972. Si pie Station *n 
Ellsworth Land, which is stratei^ically 
located for studies of the upper atmo- 
sphere, will become a year-round sta- 
tion next year. 

Working from the icebreaker 
Soufhu ind^ researchers from the Uni- 
versity of Idaho and the University of 
Minnesota took a census of seal.'? and 
other animals inhabiting the pack ice 
of the Bellingshausen and Amundsen 
Seas, an area of about 140,000 square 
kilometers. Early analysis indicates 
that nearly a million seals inhabit the 
area. This and similar information 
from other areas of the southern 
ocean contribute to policy-making in 
the field of conservation, as exem- 
plified by the Conference for the 
Conservation of Antarctic Seals, held 
in London in February 1972. 

Field work was carried out to se- 
lect the best sites for two drilling 
projects to begin next summer — one 
in the sea and the other on land. 
Eltanin cruised the Ross Sea to obtain 
essential preliminary information for 



the deep sea drilling ship Glomar 
Challenger, which will begin the first 
of thrre seasons of Antarctic drilling 
in January 1973. Seismic and magnet- 
ic properties of the ice-free valleys of 
southern Victoria Land were 
measured in preparation for a drilling 
project to be carried out jointly by 
Japan, New Zealand, and the United 
States. 



OCFANOGRAPl-IIC 
rACUJTll-S 
AND SUPPORT 

Ocean sciences research is support- 
ed in three of the directorate's oftices, 
with different objectives, while gener- 
al support for the academic oceano- 
graphic fleet is provided through the 
Office for Oceanographic Facilities 
and Support (OFS). In fiscal year 
1972, OFS functions were rvnanded 
to include: (1) operations support for 
facilities (otner than ships), techni- 
ciart pools, data processing groups, and 
University National Oceanographic 



Laboratory System (UNOLS) st.UT 
activities; and (2) acquisitions sup- 
port for ship construction, shared ship- 
board and shore Laboratory equipment, 
and ship staging facilities. Support 
provided through OFS w.is approxi- 
mately doubled to include these ex- 
panded Services. 

The increased activity under OI-S 
primarily results from efTorts to de- 
velop a broadly based management 
approach to the acquisition, oper- 
ation, and use of large research facili- 
ties for the academic oceanographic 
community. The cooperative associa- 
tion of Institutions, UNOLS, was 
chartered by 18 federally funded ship 
operator institutions in. September 
1971 to bring about better methods 
of sharing oceanographic facilities. 
This coordination structure involves 
the two principal supporting agencies 
— NSF and the Navy — and other 
interested agencies. OFS undertook 
the responsibility for planning, coordi- 
nating, and managing the Founda- 
tion's share of support for the 
UNOLS staff office and serves in a 
liaison capacity with the community 
organization. 

An advisory council representing 
the entire academic oceanographic 
community provides an overview of 
all UNOLS activities. Through the 
advisory council, UNOLS monitors 
and evaluates how effectively the fa- 
cilities are used, assesses the current 
and future needs for adding or phas- 
ing out facilities, and provides reports 
and recommendations to the Federal 
funding agencies. 

During the year, a contract was 
made with Woods Hole Oceanograph- 
ic Institution to construct a ship ap- 
proximately 170 feet long. Another 
NSF-funded ship, R/V Coluwbm 
Iselhj^ was launched in March and 
will be operated by the University of 
Miami under UNOLS agreements. 

Other awards included 21 grants 
for about $1.5 million for updating 
and improving oceanographic materi- 
als such as shipboard scientific equip- 
ment and facilities and specialized in- 
strumentation for data processing, 
communications, and navigation. 





'I he research vessel Columbus ]%i'lhi splashes into the sea March I, 1972, at the University of 
Miami Rosensticl School of Marine and Atmospheric Science. 



1*hc project's nctivitics for the past 
4 years of Jeep occ.in drillini; and 
corini; (Aiii^ust 196S to Au,i;ust 1972) 
were dosii;ned for 2S cruises or Ioi;s, 
each of which Lists approximately 2 
months. During the first 2 3 Iei;s, 
which ended in May 1972, 349 holes 
had been drilled at 250 locations in 
the Atlantic, Pacific, and Indian 
Oceans, and in marginal seas. Ap- 
proximately 66,000 feet of core have 
been recovered. The maximum pene- 
tration into the bottom sediment 
achieved so far is 4,26 5 feet; max- 
imum water depth in which driUing 
has been accomplished is 20,48 3 
feet. 

The typical scientific staff on board 
the drilhng ship consists of 10 or II 
speciahsts in sedimcntolo.gy, paleon- 
tology, and marine geophysics. Partic- 



()( I- AX Sl-DIMI XT 
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The Ocean Sediment Coring Pro- 
gram is an exceptionally important 
effort to further our understanding of 
the world in w^hich we live. It comes 
at a time when technology is available 
to do the monumental task of drilling 
beneath the floor of the deep ocean 
basins, when geological sciences have 
just achieved a unifying and global 
perspective of the history of the 
earth, and when social and economic 
interest in the oceanic realms is 
greater than ever. 

The Deep Sea Drilling Project, 
which at present constitutes the 
Ocean Sediment Coring Program, has 
been in operation since August 1968. 
Its objective is to explore the age, 
history, and development of the ocean 
basins and their marginal seas by 
means of drilling and coring the 
ocean floor. Operations are conducted 
from the specially designed drilling 
ship Glomar Challcugcr, owned and 
operated by Global Marine, Inc., of 
Los Angeles under a subcontract to 
the University of California. Scripps 
Institution of Oceanography at La 
JoIIa is responsible for management 
of the project. 




This sonar positioning beacon being inspected aboard D/\^ Glomar ChaUcuf^cr during Leg 19 in 
the Bering Sea is used as a reference on the ocean bottom in the system that keeps the vessel 
over a drilling and coring site. (Photo by Scripps Institution of Occmography) 



ular subjects — such as geochemistry 
— may l»c emphasized on certain legs 
and require stronger representation in 
that field. 

Foreign scientists cont»*ibute sub- 
stantially to work conducted aboard 
Glomar Challcugcr, To dare, 66 
scientists from 17 foreign countries 
have participated. National and inter- 
national scientific guidance to Scripps 
is coordinated through the Joint 
Occanographic Institutions for Deep 
Earth Sampling (JOIDES). This con- 
sortium, consisting of five major U.S. 
oceanographic institutions, advises on 
drilling itineraries, site selection, ini- 
tial core descriptions, and other aspects 
of the operation. 

Initial descriptions of the cores and 
interpretations of scientific results 
from each leg undertaken by Glomar 
Challcugcr are published in a series 
of reports called Initial ^Kc ports of the 
Dee I) Sea Drilling Project, Each vol- 
ume gives a description of the cores 
and an overall scientific synthesis of 
the cruise. 

During the past year, the Founda- 
tion extended its contract with the 
University of California to cover 3 
additional years of drilling and coring 
activities. Thus, the services of Glo- 
mar Challenger are now contracted 
for until August 197S. 

Two major departures from prior 
work arc planned for the extended 
project. Drilling in seas surrounding 
Antarctica will be done during three 
austral summers, and attempts will be 
made' to increase gradually the capa- 
bility to drill and take cores of the 



hard igneous rock below the sedimen- 
tary layer. A computer-based data re- 
trieval system is being developed to 
aid scientists in selecting samples. 

Recent cruises of Glomar Cbiil- 
lengcr have traversed the 
northeastern Pacific Ocean, Bering 
Sea, the western Pacific Ocean includ- 
ing the Melanesia area, the Indian 
Ocean, and the Red Sea. Data ob- 
tained from these cruises will assist in 
determining the magnitude and direc- 
tion of both horizontal and vertical 
crustal motion. There are indications, 
for instance, that the Pacific sea floor 
has moved horizontally across the 
Equator in a northerly direction. In 
addition, a widespread hiatus in the 
sedimentary record has been found 
that is particularly evident in the Aus- 
tralia-New Zealand region. This gap 
in the record suggests that a "circum- 
poiar" ocean current flowed north of 
Australia until Oligoccne time when 
Australia had drifted far enough 
away from Antarctica to transfer the 
current to its present course. 

Indications of vertical motion come 
from the Ninetycast Ridge in the In- 
dian Ocean, now about a mile below 
sea level. It was found to have been 
above sea level at one time and to 
contain coal, lagoonal deposits, and 
oyster beds. 

NATIONAl. 

ri.-,si;arci I cj'NrERS 

The National Research Centers 
have the equipment, the facilities, and 



the expertise to support large-scale 
and complex investigations that could 
not have been undertaken by individ- 
ual universities. They represent large 
investments in capital equipment and 
operating costs. Furthermore, each 
major discovery or the attainment of 
the threshold of n new breakthrough 
increases the demand for larger, bet- 
ter, and more sophisticated equip- 
ment. In astronomy, for example, the 
progress in recent years has been 
spectacular. Each increment in obser- 
vational capability, in the form of 
more powerful instruments and im- 
proved observational techniques, 
brings us one step closer to under- 
standing two of the great mysteries of 
mankind — the origin and eventual 
fate of the universe. 

NA'I'IONAI. AS1'R(.)XO.\rV 

A\i ) !( )\osp! ii-:iu-; 

• The National Astronomy and Iono- 
sphere Center (NAIC), operated un- 
der contract with the Foundation by 
Cornell University, has its headquar- 
ters on the Cornell campus, Ithaca, 
N.Y. The observing facilities are lo- 
cated in Puerto Rico at a site 12 
miles south of Arecibo. The principal 
observing instrument is a spherical 
antenna, 1,000 feet in diameter, that 
can function cither actively as a radar 
telescope or passively as a radio tele- 
scope. 

During fiscal year 1972, steps were 
taken to upgrade the reflector by in- 
stalling a highly precise surface that 



Table 5 

National Research Centers 
Fiscal Years 1970, 1971, and 1972 



Fiscal year 1970 



Fiscal year 1971 



Fiscal year 1972 



Research 
operations 
Capital and support 
obligations services 



Total 



Research 
operations 
Capital and support 
obligations services 



Total 



Research 
operations 
Capital and support 
obligations services 



Total 



National Astronomy and Ionosphere Center $ 

Kitt Peal( National Observatory 

Cerro Tololo Inter-American Observatory 

National Radio Astronomy Observatory .... . 
National Center for Atmospheric Research 



150,000 $ 1,400,000 $ 1,550,000 

46,000 6,379,000 6,425,000 

365,000 1,535,000 1,900,000 

675,000 5,125,000 5,800,000 

117.840 11,323.960 11,441.800 



$ 3,755,000 $ 2.343,600 $ 6,098.600 

127.000 7,072,600 7,199.600 

313,000 1,967,000 2,280,000 

-0- 6.837,400 6,837,400 

270,990 14,224,614 14,495,604 



$ 1,900,000 $ 2.787,500 $ 4,687.500 

456,000 7,243,881 7,699,881 

385,000 2.115,000 2,500.000 

80.000 6,589,900 6,669,900 

1.000,000 17,177,416 18,177,416 



Total $ 1,353,840 $25,762,960 $27,116,800 $ 4,465,990 $32,445,214 $36,911,204 $ 3,821,000 $35,913,697 $39,734,697 



will allow research to be conducted at 
wavelengths shorter than the present 
limit of about 50 centimeters. Com- 
pletion of the resurfacing program is 
scheduled for May 1974. It will pro- 
ceed in stages that will allow the ob- 
servatory to maintain its research ca- 
pabilities and observational pro- 
grams. 

Another major Arecibo program 
initiated during the year was the dc- 
.sign and development of an S-band 
radar transmitter. This project is 
being supported by the National 
Aeronautics and Space Administra- 
tion. When this new transmitter is 
installed in early 1974, it will be'pos- 
sible to map the surfaces of planets at 
wavelengths in the 10-centimeter 
range. Radar astronomers will be able 
to study the details of the cloud- 
covered surface of Venus with a reso- 
lution of 2 to 5 kilometers, equaling 
the quality of the best earth-based 
optical photographs of the moon. In 
addition, the planet Mercury will be 
subject to mapping by radar techni- 
ques. Investigations of the moons of 
Jupiter can be conducted and, using 
these moons, the atmosphere and iono- 
sphere of the planet Jupiter itself can 
be studied. 

During the past year, a new high- 
powered, 43 0-MH^ line feed was 
placed in operation to permit more 
detailed and accurate observations to 
be made of nearby planets, extended 
radio sources, and the Earth's iono- 
sphere. 

There were 31 visitors from 16 
institutions using the Arecibo tele- 
scope in fiscal year 1972. The goal of 
NAIC IS to apportion 70 percent of 
all observing time to visiting scien- 
tists, with the remainder being used 
for staff observation.9 and calibration 
and maintenance. Upon completion 
of the resurfacing and the S-band ra- 
dar, it is expected that visitor use of 
observatory facilities will increase. 
NAIC employs 105 scientific, techni- 
cal, maintenance, and administrative 
personnel. 



The Kitt Peak National Observato- 
ry (KPNO) is operated under a Na- 
tional Science Foundation contract 
with the Association of Universities 
for Research in Astronomy. The ob- 
servatory supports visitor-oriented ob- 
servational and theoretical research 
programs in stellar, solar, and plane- 
tary astronomy, and engages in pro- 
grams to develop and improve astro- 
nomical research facilities and auxil- 
iary instrumentation. The observing 
facilities are on Kitt Peak, a 6,000- 
foot-high mountain located 40 miles 
west of Tucson, Ari^. The observatory 
headquarters at Tucson, adjacent to 
the campus of the University of Ari- 
zona, provide office, research, and engi- 
neering facilities for the 32J-member 
staff and visitors. 

Six stellar telescopes of 84-inch, 
50-inch, (two) 36-inch, and (two) 
1 6-inch apertures were operated in 
fiscal year 1972 in support of 102 



visiting astronomers and 44 graduate 
students from 5 5 U.S. institutions and 
five foreign countries. \'isitor sched- 
uling of observing time on the stellar 
telescopes tot.ilcd 61 percent of the 
total available time. The two largest 
telescopes were assigned to visitors 70 
percent of the time. 

The McMath solar telescope was 
used by 3 8 visiting scientists and 12 
graduate students. Of these, 45 came 
from 22 U.S. institutions and five 
from foreign countries. 

In fiscal )'ear 1972, the mounting • 
for the new 150-inch telescope was 
installed within the new observatory 
building and dome. Observatory per- 
sonnel are conducting alignment tests 
in preparation for installation of the 
telescope optics in the late summer of 
1972. The 150-inch fused quartz mir- 
ror has been completed and tests indi- 
cate that the performance character- 
istics of the mirror surface arc excel- 
lent. Fabrication of auxiliary instru- 
mentation for this telescope is under 
way. Also, a 36-inch mirror was in- 




stalled and a drive system completed 
to feed light into the laboratory at the 
Coude focus of the S4-inch telescope. 

Public visitors to Kitt Peak during 
the year numbered more than 48,500, 
with representation from all SO States 
and five foreign countries. 

CI'RRC) 1'Ol Ol.O 

int[.k-;\\h;rican 
obskrva tory 

The Cerro Tololo Inter- American 
Observatory (CTIO) is operated un- 
der contract with the Foundation by 
the Association of Universities for 
Research in Astronomy. The observ- 
ing facilities at Cerro Tololo, atop a 
7,200-foot-high mountain in the 
foothills of the Chilean Andes, in- 
clude several major telescopes: 60-inch, 
36-inch, 24-inch, and (two) 16-inch 
reflectors, and a 24-inch Schmidt-type 
instrument. The headquarters, located 
at La Serena, contain offices, labora- 
tories, library, engineering support 
facilities, and a computer for the use 
of CTIO staflf and visiting astronomers. 

The observatory provides U.S. as- 
tronomers with excellent facilities 
with which to observe objects in the 
southern skies. Many significant celes- 
tial objects, including nearby star 



clusters, the southern Milky Way, and 
the two Mui^ellanic Clouds can be 
viewed only from the Southern Hem- 
isphere. 

During fiscal year 1972, 75 astron- 
omers from 3 6 Institutions made ob- 
servations at CTIO. Visitors from the 
United States, including graduate stu- 
dents, were assigned 5 8 percent of the 
available telescope time. Another 21 
percent of the telescope time was di- 
vided among foreign visiting observ- 
ers. The remaining 21 percent was 
used by staflf members of CTIO and 
the Kitt Peak National Observator)- 
(KPNO) for research and mainte- 
nance activities. 

During the year, several new pieces 
of observing instrumentation were 
brought into use. The photoelectric 
scanner, built at the Harvard College 
Observator)' under the supervision of 
John Danzigcr, is now being used by 
CTIO staff and visitors. A faint star 
photometer, developed and built ac- 
cording to specifications of Merle 
Walker of the University of Califor- 
nia, promises to be especially valuable 
for observations of the Magellanic 
Clouds. And working in cooperation 
with Kent Ward of the Carnegie In- 
stitution of Washington, D.C., CTIO 
staff adapted a sophisticated electron- 



ic imaging tube for use with the 
Cassegrain spectrograph. 

The building and dome for the 
ISO-inch telescope .ire csscnti.illy 
complete and ready for the installa- 
tion of the mounting early in calendar 
year 1973. The grinding, polishing, 
and figuring of the Cervit mirror 
blank for the instrument began at the 
KPNO optical shops in Tucson in De- 
cember 1971. It is expected that the 
mirror will be completed late in 
calendar year 1973 and shipped to 
CTIO shortly thereafter. 



XAllOXAI. RAf HO 

ASTi<ONv)\iY 
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The National Radio Astronomy 
Observatory (NRAO), with head- 
quarters in Charlottesville, Va., is op- 
erated and managed by Associated 
Universities, Inc., under contract to 
the Foundation. The principal observ- 
ing site is at Greenbank, W. Va.; a 
second observing facility is at the site 
of Kitt Peak National Observatory in 
Arizona. The observatory provides 
the U.S. scientific commimity with 
large ground-based radio telescopes, 
sophisticated auxiliary Instrumenta- 
tion, and the necessary support facili- 
ties for research in radio astron- 
omy. 

The major observing instruments at 
Greenbank are a 3 00-foot-diameter 
telescope constrained to move in a 
meridian plane, a 140-foot-diameter 
fully steerable parabolic telescope, an 
interferometer array incorporating 
three 8 S-foot-diameter dishes, and a 
portable 42-foot-diameter antenna 
used for remote operations with the 
interferometer. A 36-foot-diameter 
millimeter-wave telescope is located 
at Kitt Peak. 

Two new receivers have been 
added to the 31 receivers now avail- 
able at NRAO, one for use with the 
140-foot and 300-foot telescopes, the 
other with the 36-foot telescope. A 
new SO-channel filter-bank receiver 
has been added to the 140- and 




An aerial view of the Cerro Tololo Intcr-Amcrican Observatory, with the essentially complete 
building and dome that will house the 150-inch reflector, perhaps early in 1974. (Photo by 
CTIO) 



The three major telescope systems at the Greenbank, W.Va., site of the National Radio Astron- 
omy Observatory are an interferometer array of three 8 5-foot-diameter telescopes, a newly 
surfaced 300-foot telescope that moves in a meridian plane (left, front), and a fully steerablc 
140-foot tdcscope (rear). (Photo by NRAO) 



300-foot telescopes to facilitate the 
acquisition, processing, and analysis of 
observational data. 

The observatory has also completed 
development of a laser range-measuring 
device for use in surveying the sur- 
faces of large paraboloidal antennas. 
This instrument can measure distances 
up to 60 meters with an accuracy of 
1/10,000 of a meter in u measuring 
time of 2.5 seconds. 

Sensitive Very Long Baseline 
(VLB) interferometer systems were 
put into operation to study the 
compact-point and point-like radio 
sources found in galaxies and quasars. 
Presently, 13 separate recording sys- 
tems are based at various sites 
throughout the United States and Eu- 
rope. Comparison of recordings made 
simultaneously at two or more sites 
allows radio astronomers to construct 
high angular resolution images of the 
radio sources. The highest resolution 
obtained so far has been achieved in a 
series of cooperative experiments be- 
tween NRAO staff, astronomers in 
the Soviet Union, and scientists using 
the 210-foot NASA space tracking 
antenna at Goldstone, Calif. Further 
experiments yielding even greater 
resolutions are planned. * Sensitive 
maser receivers, which Soviet astron- 
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omers are building specifically for this 
work, will be used by the U.S. and 
U.S.S.R. scientists. 

During fiscal year 1972, 168 visi- 
tors from 43 U.S. and foreign research 
organizations were allocated an aver- 
age of 63 percent of the available tele- 
scope time on NRAO instruments. 
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Reliable long-term weather fore- 
casts are of vital importance to some 
of our basic industries such as agri- 
culture and shipping. The National 
Center for Atmospheric Research 
(NCAR) plays an important role in 
atmospheric research programs that 
are often worldwide in scope. Its non- 
pareil array of in$trumentation and 
logistics equipment makes this center 
well suited to undertake large-scale 
projects on behalf of, and with the 
participation of, the academic com- 
munity. 

NCAR is operated under NSF 
sponsorship by the University Corpo- 
ration for Atmospheric Research. 
NCAR's permanent installations in- 



clude the Mesa Laborator>\ its head- 
quarters and principal laborator}* in 
Boulder, Colo.; the National Scientific 
Balloon Facility at Palestine, Tex.; 
the Research Aviation Facility at 
Jefferson County Airport near Boul- 
der; and the Field Observing Facility's 
radar and instrument test site at Mar- 
shall, Colo. 

During fiscal year 1972, a major 
fraction of NCAR's research effort 
was devoted to cooperative research 
involving about 120 visiting university 
scientists. Some of these projects, 
characterized by work toward partic- 
ular goals on specific schedules over a 
lengthy period of time, have been de- 
signated "key projects." NCAR's cur- 
rent key projects are: 

• The National Hail Research 
Experiment (NHRE), a S-year 
field program with two objec- 
tives: to gain an increased un- 
derstanding of all aspects of the 
cloud physics and microphysics 
of severe convective storms that 
produce hail and, if possible, to 
develop a practical method for 
suppressing the occurrence of 
damaging hail. The NHRE field 
research area is in northeastern 
Colorado in a region of very 
high hailstorm frequency. Sever- 
al Government agencies, as well 
as six universvties, participate in 
this program. 

• The Global Atmospheric Re- 
search Program (GARP), an in- 
ternational effort designed to in- 
crease the accuracy of weather 
forecasting over periods from 1 
day to several weeks and to gain 
a better understanding of the 
physical basis of climate. NCAR 
has been assigned the lead role in 
the Observing System Simulation 
Experiment. In addition, the cen- 
ter will provide an aircraft with 
accurate motion-sensing instru- 
mention for use in the 1 974 
GARP Atlantic Tropical Experi- 
ment and subsequent field exper- 
iments. A Lockheed Electra has 
been leased and is now being 




modified for installation of the 
research instrumentation. 
• The Fate of Atmospheric Pollu- 
tants Study (FAPS), part of a 
study of air pollution in the St. 
Louis area involving a number of 
Federal agencies, university 
groups, and other organizations. 
The objectives of FAPS are 
closely linked to the practical 
problems of the effects of urban 
air pollution on regional and 
global air quality and its possible 
effects on weather and cli- 
mate. 
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The United States continues to 
maintain a leading position in com- 
puter science and technology as ex- 
emplified by the favorable balance of 
trade in computers — approximately 
$1 billion a year. In its program of 
Computing Activities in Education and 
Research, the Foundation continues 
to pursue the objective of providing 



the nation with a base of computer 
science knowledge that will foster 
innovative approaches for the use of 
computers in education and research. 
Progress in this program should also 
allow Government, industry, academic 
institutions, and other users to evalu- 
ate better the capabilities and limita- 
tions of computers, as well as to 
develop methods of using computer 
technology to its fullest potential. 

ANi:> i:\(:iNi:i;Ri\(. 

A multiprogrammed computer can 
provide service to hundreds of users 
at the same time. Such a system con- 
tains a large number of programs, 
most of which are independent of 
each other and some of which may be 
required by several of the users. It 
consists of a variety of components 
such as memories, printers, tape 
drives, document readers, processors, 
etc., each of which operates at differ- 
ing rates and each of which can oper- 
ate independently of the others to a 
large extent. Thus, at one instant in 
time, the system may be printing a 
report for one user, receiving data by 
telephone from a second user, search- 
ing a tape file for a third user, doing 
arithmetic for a fourth user, and per- 
forming still other functions for other 
users. The question of how to con- 
struct, organize, and program the 
"operating system" w'hich controls all 
of this activity so that the users all 
receive satisfactory, economical serv- 
ice continues to provide interesting 
and difficult problems in computer 
science research. 

The theoretical study of multipro- 
grammed systems is generally based 
on an abstract model of the system as 
an interconnected network of queues, 
each queue corresponding to pro- 
grams waiting to receive service from 
one of the components. As a program 
receives the needed service, it is re- 
moved from its former queue and 
attached to the queue for the com- 
ponent providing the next service 
needed by that program. To construct 
a specific network model for each 



proposed system is expensive, diffi- 
cult, and poses problems of detail we 
do not know how to solve. Recently, 
K. M. Chandy of the University of 
Texas at Austin has taken the first 
steps to develop a more general theo- 
ry in which analytical solutions can be 
obtained for large classes of queu*!ing 
networks. Such a theory would m.\ke 
it possible to optimize the per- 
formance of a multi-programmed sys- 
tem through the choice of com- 
ponents and their organization and 
the type of queueing discipline used 
by the operating system. 

At Iowa State University, R. M. 
Stewart is studying the performance 
of an unconventional computer 
(called SYMBOL) specially designed 
to facilitate experimentation with op- 
erating systems, while the measure- 
ment and performance evaluation of 
more conventional operating systems 
is being investigated by G. Estrin at 
the University of California, Los An- 
geles, and by J. Noe at the University 
of Washington, 

COMPl'TI-R 
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The U.S. system of education is 
placing increasing demands on the na- 
tion's resources. The fraction of the 
GNP devoted to all educational ex- 
penditures (public and private, from 
kindergarten through graduate 
school) has risen steadily since the 
end of World War II — from about 3 
percent to over 7 percent in 1969-70. 
The Computer Innovation in Educa- 
tion Program has as its goal improve- 
ment in the cost-eflfectiveness of 
education generally (with special em- 
phasis on science education) through 
the application of modern computer 
and communication technology. In 
fiscal year 1972, approximately $S.4 
million was awarded toward this end 
to academic and nonprofit organiza- 
tions. 

Based on developments supported 
by earlier Foundation awards, con- 
tracts were negotiated with the Uni- 



versity of Illinois, the MITRE Corp., 
and Educational Testing Service for a 
S-yenr test and evaluation of the edu- 
cational, engineering, and economic 
feasibility of two alternate systems of 
computer-assisted instruction, applied 
principally to instruction at the com- 



munity college level. Illinois' PI ATO 
(Programmed Logic for Automatic 
Teaching Operations) system and MI- 
TRE's TICCIT (Time-Shared In- 
teractive Computer Controlled In- 
formation Television) system are 
shown schematically. 




The concepts of two computer-assisted instruction systems developed with vh- Foundation's 
support are shown. above. The PLATO CAT system utilizes a central cc'^;nputcf w'i.';,.h trar;rnits 
its information via television and telephone cables to the various terminals, 'i m TICCIT sys- 
tem employs separate niinicomputei' i^iiits ciintaining their own educational packages and 
designed to transmit to special television terminals. 
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Widespread application of computer- 
based instructional systems depends 
in part upon the development of 
suitable instructional strategies and 
innovative computer-oriented curricu- 
lar materials — at all levels cf educa- 
tion. In fiscal year 1972, 21 grants 
were awarded for this purpose. 

In higher education, researchers at 
Purdue University, the University of 
Oregon, and the University of Ne- 
braska are working together to de- 
velop and test curricular materials for 
computer-based experiments in an an- 
alytical chemistry laborator}% At the 
University of Iowa, computer-based 
curricula are being developed for 
economics, political science, and so- 
ciology. Innovative materials are 
being developed at the University of 
California, Irvine, for teaching 
physics, using an interactive com- 
puter graphics system to present com- 
plex processes and phenomena in situ- 
ations where conceptualization is 



difficult. At the University of Pitts- 
burgh, Thomas D^^'^'er is testing the 
use of a commercial, time-shared ter- 
minal, and is developing a wide vari- 
ety of curriculum modules in physics, 
biology, the social sciences, mathemat- 
ics, and computer science for use in 
secondary schools, 

Seymour Papcrt of the Massachu- 
setts Institute of Technology and 
Robert Davis of Syracuse University 
are both using computers to teach 
problem-solving in mathematics to el- 
ementary school children. The chil- 
dren are taught to write computer 
programs which control a device 
called a "turtle." With this computer 
device, children have demonstrated 
their ability to write programs to 
draw simple figures, construct com- 
plex geometric designs, generate mu- 
sic and poetry, and solve motion 
problems in physics. 

Over the past 4 years, the National 
Science Foundation has assisted in the 
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puter networfes:, thm. .- h r^vv B tgional 
Cooperative Corny W'-. 'U'tivitics 
Program, to ex.pki,T? - 7.^;)I.kation 
of computer tecl*;Tiq :^ U-J jjetworks 
to the educational nn) .ip^c-.fically, 
the regional progra'^n irtvi iv-e^i ira.ning 
faculty members at insCftutia/;:^ willing 
to share the cost to 'jn^-hl: ^hcm to 
explore ways of usiing ceimputer service 
to improve the scic;r>ce e-r^U'^ation of 
both science and r»A>''^c^ence majors 
and to provide remote -^y.o.jss to com- 
puter services necessary to support this 
activity- Between fiscal yeats 1968 and 
1971, 22 regional computer networks 
were established. Five of these were 
Statewide activities in North Carolina, 
Georgia, New Jersey, Colorado, and 
Washington, 

In fiscal year 1972, 46 grants were 
awarded to establish: (1) three 
regional networks making up Pennsyl- 
vania's Regional Instruction System 
for Education (PRISE); (2) a State- 




Nearly 3 50 institutions arc part of regional educational computer networks that NSF has assisted in establish 
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wide network in New York involving 
the State University of New York at 
Binghamton and H participant col- 
leges; and (3) the Florida Regional 
Cooperative Computing Network com- 
prising 10 institutions. This program 
will be phased out in fiscal year 1973 
with an analysis of the impact of these 
cooperative approaches on cost and 
effectiveness in science education. 

The figure shows the approximate 
xncation of each network supported to 
date> Involved are 26 major universi- 
ties, 237 4-year colleges, 43 junior col- 
leges, and 37 secondary schools. 



COMPUTER 

APPl ICATIONS IN 

RESEARCH 

Foundation programs in Computer 
Applications in Research support a 
wide range of activities to increase 
the usefulness of computers in the 
conduct of research. Some projects 
focus on research methodology in- 
cluding the creation of new computa- 
tional techniques and computer-based 
systems. Others involve research, de- 
velopmental activities, and special 
studies to explore the resource-sharing 
potential of a nationwide computer 
communication network. Still others 
are directed toward improving the 
quality and applicability of computer 
software for research. The three pro- 
jects described are representative of 
these programmatic thrusts. 

Scientists in the Natural Resources 
and Environmental Science Program 
at Purdue University are collabora- 
ting to develop a strong capability in 
the application of computers to their 
respective research interests. The pro- 
ject is focused on the development of 
a well-coordinated computer-based la- 
boratory system which incorporates a 
hierarchical structure of three leveHs 
of computing support. As one exam- 
ple^ the research of Daniel L. 
Shankland, Department of Entomolo- 
gy, concerns the i.ntegrity and func- 
tion of nerve networks. Insect nerves 
are useful systems for detailed study 
because, unlike those in vertebrates. 



they can be removed from the animal 
and retain their functional integrity. 
Proper analysis of even such relative- 
ly simple networks requires the proc- 
essing of enormous amounts of data, 
coupled with experimental manipula- 
tion of the network by way of con- 
trolled feedback effects. Professor 
Shankland is developing advanced 
computer-based techniques for detailed 
analysis and quantitative description 
of a nerve network that controls 
breathing in the cockroach, and that 
shows a basic similarity to the reflex 
system that controls comparable move- 
ments in mammals. 

The feasibility and desirability of a 
national center devoted to computa- 
tion in chemical research is being ex- 
amined by the Division of Chemistry 
and Chemical Engineering of the Na- 
tional Academy of Sciences-National 
Research Council. A committee of 
approximately 30 individuals has been 
formed to carry out the study. The 
committee membership includes chem- 
ists from diverse areas of research, 
computer scientists, mathematicians, 
and representatives from other relevant 
scientific disciplines. The main tasks of 
the committee are to identify im- 
portant chemical problems susceptible 
to solution at such a laboratory, iden- 
tify special problems of computer 
science involved, and explore and 
characterize tlie structure and opera- 
tion of such a facility. The committee 
is concerned also with the broader 
questions of the impact of such a 
laboratory on university computing 
centers, development of computer net- 
works, computer program exchange, 
and interfacing of the laboratory with 
the scientific community. 

A major thrust is under way to 
provide researchers with highly accur- 
ate, consistent, well-documented, and 
extensively tested software, A collab- 
orative prototype effort involving the 
Argonne National Laboratory, the 
University of Texas, and Stanford 
University, in cooperation with vari- 
ous field test sites, is under way to 
certify and disseminate mathematical 
software. Selected mathematical soft- 
ware is tested first at the three princi- 



pal institutions and then at 16 field 
test sites. The certified products are 
distributed by the Argonne Code 
Center. A key aspect of this project is 
the emergence of a collaborative test- 
ing methodology. 



SCIENCE 
INFORAIATION 
ACTIVITIES 

Science communications cut across 
not only all of the Foundation's activ- 
ities but those of the entire Govern- 
ment, academia, and industry as well. 
The Office of Science Information 
Service has become the focal point in 
the Government for the support and 
coordination of science information 
activities which, in the end, will have 
major impact on the efficiency of re- 
search conducted and the application 
of the research results at all levels of 
our society. 

A major effort was made during 
the past year to revamp the policies, 
objectives, and organization of the 
Office of Science Information Service 
(OSIS) to meet new challenges and 
responsibilities. Grants totaling ap- 
proximately $10 million were made in 
support of systems and , services for 
more effective science communica- 
tion. An additional $1 million in 
equivalent excess foreign currencies 
supported eight contracts for the 
translation of scientific literature and 
related information services. 

New responsibilities accrued from 
the Foundation's acceptance of lead- 
ership for the Committee on Scien- 
tific and Technical Information 
(COSATI) of the Federal Council 
for Science and Technology, This as- 
signment, undertaken at the request 
of the Office of Science and Technol- 
ogy> requires the coordination of Fed- 
eral science information activities, 
and parallels the ^coordination of such 
activities in non-Federal, academic, 
and industrial sectors where OSIS had 
concentrated its attention in prior 
years. As a corollary to the COSATI 



assignment, OSIS undertook to serve 
as the U.S. focal point in internation- 
al science information relationships. 

Changes in policy brought about a 
substantial reduction in funding pro- 
jections and timetables for commit- 
ments to ongoing systems and per- 
mitted rcoricntatipn of OSIS efforts. 
'Vider the new policy, the cost of 
initial planning of new information 
systems (prior to design and develop- 
ment) and their operational costs 
once testing is completed, arc the re- 
sponsibility of the proposing organiza- 
tion. 

In implementing these policy chang- 
es, operating practices concerning 
system development were also altered 
— chiefly to emphasize contracts 
rather than grants as the principal 
mode of support — and OSIS was 
reorganized into five program ele- 
ments that permit sharper manage- 
ment focus upon problem areas need- 
ing increased attention. 

INI OKMATIOX SYSTI:MS 

The Foundation's Information Sys- 
tems Program is concerned with com- 
puterized bibliographic systems for 
organizing, processing, and dissemi- 
nating scientific literature. Such sys- 
tems are of two main types: product- 
oriented and user-oriented. Zxamples 
of the first category include the disci- 
plane-hased systems of the Chemical 
Abstracts Service (CAS), the Ameri- 
can Institute of Physics (AIP), and 
the American Psychological Associa- 
tion (APA), which produce abstracts 
and indexes in both published and 
computer-tape form. The AIP and 
APA systems reached full operational 
status in fiscal year 1972. CAS 
brought its Chemical Register to an 
opera tional condition and continued 
development of other system com=- 
ponents on an accelerated Schedule 
calling for completion in fiscal year 
1975, 18 months earlier than original- 
ly planned, 

User«oriented systems, which em- 
ploy the bibliographic tools produced 
by the discipline systems to serve indi- 
viduals or groups at academic and 



research institutions, include six com- 
puTeri2ed information centers in var>'- 
ing stages of development at the fol- 
lowing universities: Stanford, Geor- 
gia, Lehigh, UCLA, Ohio State, and 
Pittsburgh. The first three are ap- 
proaching operational status where 
full cost will be borne by the universi- 
ties, and the others are on schedule 
toward that goal. 

DATA SYSTFAfS 

The Data Systems Program focuses 
attention on quantitative and factual 
data in all fields of science and tech- 
nology to which literature systems 
provide little or no direct access. The 
principal effort in fiscal year 1972 lay 
in defining the scope and objL'ctives of 
the program, which will concentrate 
upon determining data requirements 
;ind characteristics in various fields 
and in supporting the development of 
methods and techniques that will be 
broadly applicable to computerized 
data system activities. 

PUBLICATIONS 

The objectives of the Publications 
Program have been changed substan- 
tially in view of the growing econom- 
ic pressures confronting scientific pub- 
lications, particularly the professional 
journals. Heretofore, the program had 
subsidized the publication -of periodi- 
cals and monographs on the basis of 
scientific value and the need for 
Foundation support to ensure their 
survival. Hereafter, it will concentrate 
much of its support upon innovations 
in the form or method of publication 
— • innovations designed to reduce 
costs and increase the utility of the 
documentation. Assistance in the pub- 
lication of essential monographic 
works will continue on a limited 
scale, but will emphasize data compi- 
lations, critical reviews, and other 
such documents that serve to con- 
dense or evaluate the growing bulk of 
scientific literature. 

RESKARCH 

In recent years, the Research Pro- 
gram has devoted most of its resources 



to two university ^renters for in- 
formation research: The Ohio State 
University and Georgia Institute of 
Technology, ^'hen this support was 
terminated in fiscal year 1972, it 
made available more funds to support 
specific projects aimed at defining .md 
solving problems affecting the in- 
formation-transfer process. The deter- 
mination of priority needs and the 
development of a framework for fu- 
ture support will permit more produc- 
tive application of the funds available 
in the program. 

i-ORi;iGX scii- NCi-: 

INI-ORMATIOX 

The primary objective of the For- 
eign Science Information Pit)gram is 
to facilitate communication between 
U.S. and foreign scientists by arrang- 
ing for translation of foreign materials 
and by supporting U.S. participation 
in international information activities. 

The program relies upon contracts 
in countries where foreign currency 
holdings can be applied to the transla- 
tion requirements of the U.S. Gov- 
ernment — specifically those of the 
Foundation and the 13 other Federal 
departments and agencies whose 
needs the program coordinates and 
administers under Public Law 480. In 
fiscal year 1972, 70,000 pages of for- 
eign science material were translated 
for use by the U.S. science community. 

INTERNATIONAL 
SCIENCE 
ACTIVITIES 

In fiscal year 1972, the Foundation 
continued or increased its support of 
major international programs such as 
the International Biological Program, 
the International Decade of Ocean 
Exploration, the Global Atmospheric 
Research Program, and Polar Pro- 
grams. Accomplishments under these 
programs are summarized on pages 
36 to 42 of this report. In addition, 
the Foundation (1) served as executive 
agency for eight bilateral research 
and exchange programs with the 
following countries: Australia, Re- 



public of China, France, India, Italy, 
Japan, Romania, and Spain; (2) 
agreed to serve as executive agency 
for cooperative science programs with 
Argentina, Brazil, Mexico, and Iran; 
(3) started new cooperative science 
programs with Romania, Hungary, 
Czechoslovakia, and Bulgaria; (4) 
supported U.S. participation in the 
planning and development of the In- 
ternational Institute for Applied Sys- 
tems Analysis; (5) supported U.S. 
scientific cooperation with most of the 
nine excess currency countries; and 
(6) started a new program, Scientists 
and Engineers in Economic Develop- 
ment, in conjunction with the Agency 
for International Development. 

The Foundation also supported 
about 900 American scientists to visit 
foreign laboratories, plan internation- 
al programs, and attend scientific 
meetings abroad. 

The programs and activities sum- 
marized (right) are administered by 
the Foundation's Otfice of Interna- 
tional Programs, 
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T'ac National Academy of Sciences 
(NAS), with NSF support, exchanged 
scientists with the Academies of Sci- 
ences of the U.S.S.R., Bulgaria, Czech- 
oslovakia, Hungary, Poland, Romania, 
and Yugoslavia. The number of U.S. 
and foreign visitors and the man- 
months for each are summarized 
below: 



A'jw/r o/ Vrogram 
United ■StatL's-Australia Agreement tor 
Scicniific and Technical CtKipcration 



East Kuropc Cooperative Seience Pr.ii^rJin 



France-United States F.xchanj;e of Scientists 



India-United States Exchange of Scientists 



United States-Italy Cooperative Science 
Program 

United States-Japan Cooperative Science 
Program 



United States-Republic of China Cooperative 
Science Program 



General Agreement for Friendship and 
Cooperation between the Governments of the 
United States and Spain 



Activity 

One seminar on rangeland ecosystems held >n 
.Adelaide, Australia. One short-term VS. visitor 
funded to visit the University of Sydney. 

•Seven research pro jeers initiated in cooperation 
with Romania; 13 Romanian scientists visited 
the United States, and five Americans visited 
Romania. A joint symposium on science policy 
with Bulgaria was funded. 

Eight U,S. scientists received awards to study 
in France and eight French scientists received 
grants to do research in the United States. 

Nine U.S, scientists traveled to India, and six 
Indian scientists came to the United Si.itLs. 

Two SL-niinars were held in Italy, one on Pro- 
teins and one on variable-structure systems. 

Twenty-fivc seminars were held; 11 Mraius 
were made for visiting U.S. scientists; supple- 
mental 5uppott W3S provided for 17 existing 
grants; and an exchange of eminent American 
and Japanese chemists wjt, supported. 

Fourteen short-term and six long-term visits 
were made by U.S. scientists; one seminv wa^ 
held in Taiwan on forest ecology and genetics 
and one seminar on hurricanes and typhoons 
was held in Miami, Fla.; and a grant was 
made to the Asia Foundation to support U.S. 
specialists in Taiwan. 

Ten Spanish scientists visited the United States 
and eight Americans traveled to Spain; scien- 
tific equipment was requisitioned for all ap- 
proved projects. 



In February 1972, the NAS negoti- 
ated a new exchange agreement with 
the Soviet Academy of Sciences, in- 
creasing the man-months of exchange 
from 180 to 216 man-months in each 



United States U.S.S.R. and East Europe Academy Exchange Program 

Visits Each Way * 

Persons Man-Months 

Exchange Country United States Foreign United States Foreign 

U.S.S.R 27 26 69 79 

Bulgaria 8 5 12 12 

Czechoslovakia 12 5 41 14 

Hungary 11 5 25 18 

Poland 10 6 20 34 

Romania 16 11 44 32 

Yugoslavia 13 10 33 33 

Totals 97 68 244 222 

* For the period April 1, 1971. to March 30, 1972. 



direction for the 1972-73 biennium. 
In May 1972, the NAS and the Polish 
Academy of Sciences agreed to in- 
crease the man-months of exchange 
from 40 to 50 man-months in each 
direction in the exchange year 
1972-73. 



The Foundation awarded a grant 
to the American Association for the 
Advancement of Science (AAAS) to 
support an exchange of four scientists 
annually between the AAAS and the 
Soviet All-Union Society "Znaniye." 
The visiting scientists will lecture on 
both scientific and "science and soci- 
ety'' topics. 



lXT!-R\ATIOXAL 
ORGANIZATIONS 

Foundation funding, through the 
NAS and other or£:.inizations, 
ported r.^, participation in interna- 
tional cooperative science activities 
conducted by both governmental and 
nongovernmental science bodies. The 
Foundation supported the Academy's 
participation in the planning and de- 
velopment of the International Insti- 
tute for Applied Systems Analysis 
(IIASA). Representatives from the 
founding nations (France, East and 
West Germany, Italy. Poland, xhv 
United Kingdom, the I'nh^^i yuym^^ 
arTi'd r S;S,R.) me^ f^Vrjiinvrt j. 
-^i.irVv^s' -.dik- ^c a sitT, v^csA'-f ^ mh - 

^flip, flASA' is oipected r*? be formal- 
ly established in late 1972 to begin 
work on urbanization, transportation, 
communication, pollution, and other 
complex problems conrwion m indus- 
trialized nations. 



SPECIAL FOREIGN 
CURRENCY PROGRAM 
FOR SCIENTIFIC 
RESEARCH AND 
RELATED ACTIVITIES 

During fiscal year 1972, the 
Foundation awarded 23 grants for 
cooperative research projects in ex- 
cess currency countries and made 106 
travel awards to U.S. scientists to at- 
tend meetings, develop projects, and 
visit or work in laboratories in eight 
of the nine excess currency countries 
(Burma, Egypt, India, Morocco, Pak- 
istan, Poland, Tunisia, and Yugosla- 
via; no project or travel awards were 
made for activities in Guinea). The 
Foundation supports these programs 
and activities with the U.S. -owned ex- 
cess currencies which accumulate to 



the credit of the United States 
through the sale of agricultur-^l com- 
modities, thi' A'l^Hv of loans, and 
:i'nc r^nivmen:: (rrij;r?*s^;t m\ loans. The 
commitment to the program by partic- 
ipating excess currency countries was 
demonstrated in fiscal year 1972 by 
Egypt and Yugoslavia, both of which 
converted currencies in amounts 
equal to particular NSF grants to dol- 
lars to purchase scientific instruments 
and equipment (mostly of U.S. manu- 
facture) for c<O!0,pcrative projects. 
A random example of the types of 



projects supported under the Special 
Foreign Currency Program is a study 
conducted by U.S. and Yugoslav elec- 
trical engineers on the characteristics 
of internal overvoltages of high volt- 
age electrical systems. An under- 
standing of tlie causes of over^^oltages 
and methods to prevent them will 
assist both countries in reducing the 
frequency of failures and breakdown 
of equipment and lower the cost of 
constructing transmission towers, in- 
sulators, and other electrical equip- 
ment. 




A burning transformer resulting from a voltage overload, part of a study conducted by United 
States and Yugoslav electrical engineers on the characteristics of internal overvoltages of high- 
voltage electrical systems. 
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The Research Applications Direc- 
torate administers two programs: Re- 
search Applied :o National Needs 
(RAXN) and the Intergovernmental 
Science Proi;rams (ISP). In these ac- 
tivities, special emphasis is placed on 
exploration of technical opportunities 
that can lead to improvements in 
economic growth and productivity, to 
new products and services, and to 
improvements in our capabilities to 
deal effectively with social and envi- 
ronmental problems; and on de- 
veloping mechanisms for transferrint; 
research results to pro£;rams of State 
and local governments. 

The total NSF support of research 
that could properly be classified as 
applied research was approximately 
S71 million in 1 972. This was an increase 
of about $22 miJi'l'^>a,or 45 percctit^ovcr 
1 1 . The Foi (iTcllrtion siupp<iDrts this 
applied research primarily tinder the 
RANN program which consolidates 
NSF's major problem-focused re- 
search efforts. Some applied research is 
.ilso supported under Research Pro- 
ject Support, National and Special 
Research Programs, Computing Ac- 
tivities in Education and Research, 
the National Center for Atmospherij: 
Research, and other activities. The 
increase over the prior year was a 
reflection, principally, of growth in 
the RANN program and of expanded 
support for research projects in the 
atmospheric sciences, engineering, 
and materials research. 

The RANN program supports re- 
search on selected social, environmen- 
tal, economic, and technological 



problems of national importance with 
the objective ot contributing tov-ard 
their practical solution. In fisc.il year 
1972, the RANN program funded 
341 projects, for a total of $55. S mil- 
lion, in 14 broad problem areas. 

The Office of Intergovernmental 
Science and Research Utilization fo- 
cuses on the development of im- 
proved programs and institutions for 
making science and technology avail- 
able for use by States and local gov- 
ernments in solving problems. The 
work includes the use of results from 
RANN and other NSF programs that 
have important applications to those 
programs. The office also develops 
strategies for the utilization of RANN 
research results at all levels of gov- 
ernment md in the private sector. In 
fiscal year 1972, this office sponsored 
43 projects for a total of $1.0 million. 

ADVANCED 
TECHNOLOG\' 
APPLICATIONS 

The projects of Advanced Technol- 
ogy Applications are designed to stim- 
ulate the development and applica- 
tion of new technology that can 
create new industries and markets for 
U.S. goods and services, as well as 
help improve national productivity 
and environmental quality. Major em- 
phasis is given to research projects 
concerning energy systems to meet 
future national needs; earthquake en- 
gineering technology to better with- 
stand the forces of earthquakes; de- 



Table 6 

Research Applications Obligations 
Fiscal Years 1971 and 1972 

(Millions -of dollars) 

Fiscal Year 1971 



Research Applied to National Needs 

Advanced Technology Applications 

Environmental Systems and Resources 

Social Systems and Human Resources 

Exploratory Research and Problem Assessment 
Intergovernmental Science Programs 



Number Amount 



Total 



213 
122 
48 
15 
28 
28 



241 



$33.95 
14.65 
9.25 
7.10 
2.95 
.80 

$34.75 



Fiscal Year 1972 



Number Amount 



341 
166 
98 
25 
52 
43 

384 



$53.76 
18.91 
19.45 
10.72 
4.68 
1.08 

$54[84 



EKLC 



491-718 0 - 73 -5 



vclopmcnt of nevi* techniques for fire 
protection, preventior, and suppres- 
sion; and development of new instru- 
ments to monitor environmental pol- 
lutants. 



Energy Problems 

Activities of the energy resources 
program fall into two general categor- 
ies: (1) surveys and analyses of en- 
ergy resources and research; and (2) 
support of specific research and de- 
velopment projects that will have di- 
rect impact on the energy problems 
of the nation. 

In order to assess the problems as- 
sociated with energy production, con- 
version, and use, it is necessary to 
bring to a focus information from an 
exceedingly broad set of disciplines. 
These range over such areas as reac- 
tor engineering, coal technology, 
economics, and political science. To 
provide the NSF energy program 
with a base for its program efforts, 
and to help the nation assess the mag- 
nitude of its future energy problems, 
the Foundation in the past year has 
sponsored several background studies. 

A survey of current energy research 
in the United States was carried 
out by the Oak Ridge National Labo- 
ratory. This was the first comprehen- 
sive survey to be undertaken which 
included both Federal and privately 
sponsored research. Questionnaires 
were sent to all industries involved in 
any way, and to all Federal agencies. 
The resulting bibliography, with ab- 
stracts, contains almost S,000 entries, 
cross-indexed for ready reference. 
{hivcntory of Energy Research, 
Committee on Science and Astronautics 
of the U.S. House of Representatives.) 

Factual material relating to natiori^ 
al energy problems was summarized 
in a two-volume report. The U.S. En- 
ergy Problem, prepared by Inter tech- 
nology Corp. and available from the 
National Technical Information Serv- 
ice (NTIS). This report brings to- 
gether in one place summaries of the 
results of many previous studies con- 



cerning energy, and attempts to sys- 
tematize the approach to determining 
potentially high impact energy research 
needs. An example of these works 
is a projection of future U.S. energy 
requirements. A total of 56 separate 
projections were combined to obtain 
an estimate of the way in which U.S. 
total energy and electrical require- 
ments may be expected to increase 
throughout the remainder of this cen- 
tury*. The consensus of the projections 
is that demand for energy in all forms 
will grow at an annual rate of 2,8 
percent, while that for electrical ener- 
gy will alone grow at a rate of 5.5 
percent. The assumptions behind all 
the projections may. of course, be 
subject to question. Nevertheless, the 
Intcrtechnology study provides a 
comprehensive survey of existing 
ideas and of present energy technology. 

To assess needs for research in the 
energy area, Resources for the Fu- 
ture, under an NSF grant, identified 
research requirements in areas of en- 
ergy consumption, production, tech- 
nology, environmental effects, and pol- 
icy issues. The study, prepared in 
collaboration with the MIT Environ- 
mental Laborator)% indicates specific 
problems in these areas which are 
likely to prove important in the com- 
ing years. {Energy Research Needs, 
available from NTIS.) 

Environmental aspects of energy 
use are becoming increasingly impor- 
tant. This area was singled out for 
special attention through a workshop 
on Energy and the Environment con- 
ducted by Cornell University. The 
workshop brought together experts 
from a number of relevant fields tn 
discuss four problem areas: (a) so- 
cial, environmental, and health costs 
of energy use; (b) technological op- 
tions for energy supply; (c) growth 
rates of energy dei.nand; and (d) in- 
stitutional mechanisms for dealing 
with environmental problems associ- 
ated with energy use. (Cornell Work- 
shop, available from the U.S. Govern- 
ment Printing Office.) 

The second category of Foundation 
energy resources activities includes 
projects such as work on land use. 



power plant siting and power trans- 
mission, solar energy, and thermal en- 
ergy storage. The University of Min- 
nesota is developing a system aimed 
at the economical use of solar energy 
for generating electric power. The 
system will use a solar concentrator 
which focuses solar energy on a heat 
pipe with a selective optical coating. 
The heat pipe then conducts high 
temperature thermal energy via a 
heat transfer loop to a thermal stor- 
age unit; then the energy is released 
to the power cycle working fluid. L. 
O. Krampitz of Case Western Re- 
serve University is investigating the 
feasibility for direct formation of hy- 
drogen using sunlight and the photo- 
synthetic process of plants in combi- 
nation with the enzyme liydrogenase. 
This process may make it possible to 
produce economically use/ul supplies 
of hydrogen gas. 

A coal gasification p ogram was 
established at City Colle^re of New 
York (CUNY) in June i972 v/ith 
Arthur M. Squires as principal inves- 
tigator. Advanced chemical engineer- 
ing techniques are being studied that 
can lead to a markedly increased abil- 
ity in the gasification of coal. These 
techniques can also facilitate the rc:2C- 
tion of coal with hydrogen to produce 
extraordinary amounts of methane 
and aromatic liquids such as alcohols 
and turpentines. The program at City 
College should provide a basis for the 
design of pilot reactors for making 
hydrogen and other gases from coal 
or coke. 

Earthquake Engineering 

A major new thrust in earthquake 
engineering during the past year has 
been directed to technology transfer 
and utilization. The National In- 
formation Service for Earthquake 
Engineering had previously been es- 
tablished to collect, organize, and dis- 
seminate information. This activity 
has been augmented by a program 
aimed at the translation of earth- 
quake engineering research into crite- 
ria, specifications, and methods usable 
by professional engineers and builders. 
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Current building practices concern- 
ing land use planning, building codes, 
and inspection of new and existing 
buildings do not generally reflect the 
newest knowledge of responses of 
buildings to earthquake forces. Orga- 
nizations participating in this Nation- 
al Information Service have undertak- 
en a program that will: (a) synthe- 
size current knowledge and develop 
improved building practices for assur- 
ing the safety of new and existing 
buildings; (b) make this knowledge 
available to State and local officials 
for land use planning and building 
regulation to mitigate the effects of 
earthquakes, high winds, and ex- 
plosions. Objectives of the program 
will include greater human safety, 
protection of property, and mainte- 
nance of vital functions under disaster 
conditions. 

The Disaster Mitigation Project 
comprises three phases leading to im- 
proved building practices: evaluation 
of current building methods, develop- 
ment of improved methods, and imple- 
mentation of these improved methods. 
Results from the first phase include 
reports defining best current practice; 
needs of decision-makers and profes- 
sional users for land use planning, 
design, and evaluation of existing 
buildings; and significant gaps in 
knowledge which require research. 

Improved practice will be de- 
veloped in phase two, using results of 
new research; and phase three in- 
volves dissemination of the developed 
methodologies to the intended users, 
including State and local officials and 
Federal agencies. 

Fire Research 

Little is known about exactly how 
fire victims die,- except in the obvious 
cases of severe burns, heart attacks, 
or fractures. In an attempt to deter- 
mine how people become victims of 
the byproducts of fires — smoke and 
confusion — a grant has been made 
to the Applied Physics Laboratory of 
Johns Hopkins University to conduct 
a cooperative study with the Baltimore 
City Medical Examiner's Office and 





Projects undertaken to develop improved building practices and to make tliat knowledge avail- 
able to State and local officials may help prevent future tragedies such as those caused by the 
San Fernando earthquake of 1971. 



the university's School of Hygiene and 
Public Health. They are trying to 
reconstruct the sequences of events in 
fatal fires, finding out what the vic- 
tims were doing, how much warning 
they had, how they reacted to ir and, 
using results of post mortem analyses, 
what the causes of death were. 

A related program at the Universi- 
ty of Utah is studying the physiologi- 



cal and toxicological effects of smoke 
produced during the combustion of 
polymeric materials. The research 
team includes medical staff members 
and participants from the Salt Lake 
City Fire Department and the Fire 
Alarshal of the State of Utah, and 
also the National Bureau of Stan- 
dards. The program is concerned with 
problems connected with the burning 




Firemen and researchers are working together to investigate sites of fires in efforts to dctcrmiiic 
the sequence of events that results in loss of life. 
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of polymeric materials such as 
fabrics, coatings, elastomers, and cel- 
lular plastics. The research will provide 
the fundamental information necessary 
to develop Improved fire-resistant ma- 
terials and to devise better testing 
procedures to evaluate material hazards 
under realistic conditions. 

Instrumentation 
Technology 

The application of research princi- 
ples in the design, construction, and 
use of instrumentation is a key factor 
in the achievement of an increasingly 
high standard of living in the nation 
and in its role of world technological 
leadership. It is the purpose of this 
program to support research projects 
leading to new uses for and improve- 
ments of instrumentation for environ- 
mental, social, and technological sys- 
tems'. 

The support of the application of 
new techniques to the problem of en- 
vironmental monitoring included four 
new projects. At MIT, tunable semi- 
conductor lasers will be applied to the 
detection of molecular atmospheric 
pollutants. At the University of Cali- 
fornia, Davis, the use of X-ray 
fluorescence, which is being success- 
fully applied to large-scale aerosol 
monitoring in California, will be de- 
veloped further for quantitative an- 
alysis of biological and physical sam- 
ples of environmental interest. A 
group at the Lawrence Berkeley Lab- 
oratory is developing a portable in- 
strument for the quick and easy de- 
termination of trace concentrations of 
heavy metals such a? nercury in bio- 
logical samples such .ts tuna. This in- 
strumentation uses the recently in- 
vented atomic-absorption method 
called atomic Zeeman effect for an- 
alysis of trace elements in organic 
materials in the part-per-billion 
rangc^ The measurement takes less 
than one minute and does not require 
prior chemical separation of the mer- 
cury from the host material. Such 
rapid examination can prevent large 
economic losses in such industries as 
fishing. A research team at the Uni- 



versity of Oregon is presently apply- 
ing a technique of low temperature 
physics as an aid in the study and 
monitoring of air pollution. The tech- 
nique being studied is the quantitative 
use of a cold trap at liquid nitrogen 
temperatures. Such a trap can collect 
hundreds of different types of com- 
pounds for later analyses. This tech- 
nique has the potential for reducing 
costs and increasing the sensitivity of 
air pollution measurements. 

New instrumentation for improved 
medical diagnosis and more effective 
health care delivery systems is being 
developed in two areas. The first area 
of instrumentation and techniques for 
cancer radiotherapy involves four 
separate projects at Stanford, Har- 
vard, Oak Ridge National La"borator>', 
and the University of Nebraska. 
These projects apply novel technology 
to the development of instruments for 
the treatment of localized cancer with 
neutron, proton, and negative pion 
radiation. Supporting studies, making 
extensive use of computer techniques, 
consist of determining the depths that 
doses of such radiations penetrate 
into tissues, as well as the relative 
biological effectiveness for various 
types of radi.ition. The second area of 
instrumentation for improved medical 
diagnosis and treatment includes four 
projects at MIT, Stanford, and the 
University of California, San Francis- 
co. One of the two MIT projects and 
the Stanford project will study the 
diagnostic value of magnetic fields 
produced by the heart and the brain. 
The second MIT project will develop 
a magnetically propelled catheter for 
possible use in treating diseases of the 
brain. At the University of Califor- 
nia, a new type of camera, consisting 
of multiwire proportional chambers, 
will be developed as a diagnostic 
device for the imaging of positron- 
emitting radioisotopes. 



Advanced Industrial 
Processing 

Enzyme technology and extractive 
metallurgy have been selected as ar- 



eas where expected return on the re- 
search investment is great and where 
rapid progress is vital to the nation. 
Some grants for enzyme technology 
have been given to large interdisci- 
plinary teams focused on particular 
problems. At MIT, work is under way 
to develop new techniques involving 
enzymes for the synthesis of complex 
organic compounds, in particular the 
synthesis of the antibiotic gramicidin 
s. Synthetic biochemical leactin.s are 
not curre:uly pr.T:tical • * i.jstry 
because the necessary rnzyivv so fac- 
tors, which are molecules that facili- 
tate the transfer of energy or elec- 
trons, cannot be reused. Large-scale 
economic regeneration of co-factors 
and immobilization of several enzy- 
mes for coupled reactions present for- 
midable scientific and engineering 
problems, and about one- third of the 
grantees are addressing aspects of co- 
factor enzymatic processes. A team at 
the University of Pennsylvania has 
immobilized a co-factor, designed a 
highly sensitive enzyme electrode for 
detecting phenol, and developed an 
enzymatic method for destroying 
phenol in waste waters. Several gran- 
tees are investigating various new in- 
dustrial uses of enzymes, some of 
which have been patented. Support 
for processes for extractive metallur- 
gy was initiated on a modest basis in 
fiscal year 1972, primarily for systems 
analysis of existing procedures and 
for research on automatic control. 
Highest priority is given for new proc- 
esses which not only are economical- 
ly attractive, but which avoid the air 
and water pollution problem usually 
accompanying existing technology. 



ENVIRONMENTAL 
SYSTEMS AND 
RESOURCES 

In efforts to direct scientific talents 
towards solving environmental prob- 
lems, 98 projects were selected with 
investments of $19.4 million in fiscal 
year 1972. These studies deal with 
problems of weather modification, en- 
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vironnicntal aspects of trace contami- 
nants and regional environmental 
issues, rural-urban development, im- 
pact of man on semi-primitive areas, 
land use allocation, and waste manage- 
ment strategies. They are set up in 
such a way that the specific users of 
the research results affect the formu- 
lation and conduct of the investiga- 
tions. Such involvement of benefici- 
aries in the scientific activities helps 
make the objectives more real and the 
results more practical. 

Mathematical Modeling 
for 

Environmental Issues 

Environmental problems are usual- 
ly complex and involve many factors 
and competing interests. As a result, 
environmental issues often arise from 
competition over the use of space or 
resources. With the use of mathemati- 
cal models, available research data 
can be analyzed and used in planning 
and helping select among alternative 
solutions. 

A team of computer researchers at 
the Harvard School of Design, led by 
Carl Steinitz, is developing methods 
for incorporating qualitative and 
quantitative environmental values into 
regional planning for an area 
southeast of Boston. Dr. Steinitz* 
work in computer graphics will pro- 
vide a foundation for a two- 
dimensional, spatial planning model 
that will cope with problems such as 
regional water supplies, wetlands pro- 
tection, solid waste disposal, land use 
allocation, and location of industrial, 
shopping, and residential structures 
and transportation corridors. 

At Iowa State University, Earl 
Heady has developed a .linear pro- 
gramming model of some S,000 equa- 
tions which he is applying to deter- 
mine the impact of national agricul- 
tural practices upon water quality. 
This approach will help evaluate the 
environmental effects of alternative 
practices and policies. A parallel pro- 
ject led by Russell Thompson at the 



University of Houston is examining 
the prob.iblc quantitative demands for 
water in the future by chemical indus- 
tries. Schedules of demands for both 
disposal and consumptive uses of 
water will be based on marginal val- 
ues implied by the production func- 
tions generated for each of the 5 0 
most important chemical products. 
Such predictions for the next 3 dec- 
ades will then help develop policy to 
guide the development of water-using 
industries in specific regions. 

Information from programs of the 
International Biological Program is 
being used by RANN research groups 
in efforts to develop management 
strategies concerned with the use and 
conservation of natural resources. At 
the University of Washington, Colo- 
rado State University, and Oak Ridge 
National Laboratory, investigators are 
adding economic, engineering, and so- 
ciologic parameters to ecological sim- 
ulation models in order to develop 
models for better management of for- 
.est and grazing lands. The use of 
management gaming techniques with 
a computer can be an important ele- 
ment in helping instruct decision- 
makers on the prcjable consequences 
of their actions. 



Water Management in 
the Sonthiuest 

A multi-institutional project is ex- 
amining the environmental impact of 
various activities, including develop- 
ment of major coal reserves, rec- 
reational opportunities, and water 
resources in the Lake Powell region 
of Utah and Arizona. In a coordi- 
nated program, natural and social 
scientists and professionals in law and 
medicine are studying such phenom- 
ena as lake cutrophication, heavy 
metal contamination, stream flow, ero- 
sion and evaporation, air quality and 
epidemiology, as well as recreation, 
economics, and legal factors. The pur- 
pose of the project is to provide an 
improved scientific basis for water re- 
source management taking into ac- 



count users in the Lake Powell region, 
ringing from local Indian populations 
to heavy industry. 

One result of studies on Lake Pow- 
ell is based on a computer model 
which utilizes chemical analysis of 
water samples to calculate ionic com- 
position and activity. These results 
show that calcite is precipitated as 
water plants withdraw carbon dioxide 
from surface waters, and that this 
calcite settles to deeper, more acid 
waters where it is dissolved. During 
the autumn and winter turnover of 
lake waters, a portion of this calcite 
may accumulate in bottom muds, thus 
representing a permanent withdrawal 
of calcite from the lake and from the 
Colorado River below the Glen Can- 
yon Dam. 



Weather A ^cation 
by Urban Centers 

The role of atmospheric pollutants 
in influencing weather patterns is not 
clear at this time, but evidence is 
growing, that the impact of man*s ac- 
tivities upon the weather is an impor- 
tant factor and must be recognized 
and understood more fully. Scientists 
at the Illinois State Water Survey are 
studying the effects of urban centers 
upon local weather patterns. A study 
of the St. Louis area has indicated 
increases in precipitation, lightning, 
and hail in the summertime which are 
believed to be urban-induced, but 
winter weather patterns show little 
urban-induced effects. An analysis of 
the Chicago area indicated urban- 
related increases in both warm and 
cold season precipitation within the 
city and as far as 3 5 miles down- 
wind of the city. Initial studies of 
Indianapolis have provided some 
slight evidence of an urban effect 
upon precipitation in the warm sea- 
son, but no noticeable effect in the 
cold season. Another initial study of 
the Washington, D.C. area indicated 
a rather pronounced and consistent 
increase in both the summer and winter 
precipitation across the urban area. 
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Effects of atmospheric pollutants from urban centers on local weather patterns are being studied in a joint program undertaken by 
Argonnc National Laboratory, University of Chicago, Illinois State Water Survey, and University of Wyoming. 



Lead — A Trace 
Contaminant 

Lead is an acknowledged toxicant 
to man and other animals. The sources 
of lead found in the environment, 
the routes and rates of transport, and 
the ultimate fate, including health 
hazards, are the subjects of investiga- 
tion by three university teams. 

Half of the lead dispersed into the 
environment and 95 percent of atmos- 



pheric lead is probably from gasoline 
additives and is in a particularly mo- 
bile form. Atmospheric lead concen- 
trations are closely correlated with 
traffic density. Typical values range 
from 1 microgram per cubic meter in 
rural areas to more than 40 in a 
vehicle tunnel. Concentrations in solids 
decrease rapidly with distance from 
highways. 

The major thrust of a University ol 
Illinois team is to develop predictive 



models that describe the mobilization 
and transport of lead, especially from 
automobiles, in a 76-square-mile 
ecosystem. Food chain analysis and 
physiological effects are measured. A 
Colorado State University team is 
concentrating on the evaluation of at- 
mospheric transport, solubility, and 
mobility. 

The recent opening of what has 
l>^?cor. fn<; vvorld's largest lead min- 
ing ai.d ... 'ii'ng district in the Clark 
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Several studies are being made on the sources, routes, and impact of lead pollution on tlic 
environment. In one of the projects, the rural area surrounding the new lead mining and smelt- 
ing industry in southeastern Missouri is being analyzed for effects of lead on the vegetation, 
soil, and water. (Photo by American Metal Climax, Inc.) 



National Forest of southeastern Mis- 
souri has afforded an unusual oppor- 
tunity to study the effects of lead and 
associated metals in a forested ecosys- 
tem. A team at the University of 
Missouri at Rolla is collaborating with 
the U.S. Forest Service, the Geologi- 
cal Survey, and the mining industry to 
identify all lead pollution processes 
associated with mining, smelting, and 
transport to the consumer. This inves- 
tigation includes the use of remote 
sensing for detection of contamination 
in plants, especially sulfur dioxide 
toxicity emanating from the smelter. 

The efforts of the three research 
groups constitute a coordinated study 
of lead in the environment. The inves- 
tigators exchange samples of lead- 
containing soils and plant and animal 
tissue for calibration as well as re- 
sults. They also coordinate with simi- 
lar projects studying other heavy met- 
als such as cadmium, at Purdue, and 
mercury, at Stanford and Rochester. 
They are also assisted by analytical 
studies of toxic metals and by the 
toxic materials information center at 
Oak Ridge National Laboratory. 



SOCIAL SYSTEMS AND 
HUMAN RESOURCES 

The major aim of research sup- 
ported in Social Systems and Human 
Resources is to provide reliable in- 
formation and analysis to guide policy 
decisions and to illuminate the conse- 
quences of alternative social policies 
and programs. There are two major 
programs in the division: 1) Munici- 
pal Systems, Operations, and Services; 
and 2) Social Data and Community 
Structure. 

Research on municipal systems is 
concerned with improving the existing 
use of urban resources, with evalua- 
ting the social consequences of new 
technology, and with evaluating the 
benefits and costs of alternative orga- 
nizational forms for our cities. This 
research includes studying methods to 
improve such operations as refuse 
collection, police force activity, health 
care delivery, and new urban trans- 
portation systems. 

The social data and community 
structure program is concerned with 
developing information on changing 



trends in the U.S. population and data 
required for evaluating social pro- 
grams and policies. This involves anal- 
yses of the criminal justice system 
and efficiency of law enforcement 
agencies, as well as a search for ways 
to improve the public decisionmaking 
processes at all levels of government. 

The division allocated $10.7 million 
in fiscal year 1972, with 66 . percent 
supporting research on municip.il sys- 
tems and 27 percent on social data 
and community structure; grants 
were made with an average size 
of $43,000 and. an average duration of 
1 8 months. 



Solid Waste Management 
in Netu York City 

The Urban and Policy Sciences 
Program is continuing its research on 
urban problems in collaboration with 
municipal agencies in New York City 
through an award to the State Uni- 
versity of New York at Stony Brook. 
Principal attention is being given to 
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Trying to cnsc problems like those of solid waste collection and disposal in New York City, a 
team of scientists at the State University of New York at Stony Brook is studying methods for 
more efficient public services in crowded cities. 



systems analyses of the collection and 
disposal of solid waste in New York 
City. The Stony Brook team has pro- 
vided the city and sanitation workers 
union with plans for improved man- 
power schedules which have been 
adopted for implementation. The 
city's Environmental Protection Ad- 
ministration estimates substantial sav- 
ings for the city as a result of the 
more efficient allocations of available 
manpower. The Stony Brook group is 
also studying the effectiveness of dis- 
trict court systems in Nassau County 
and is developing techniques for 
measuring the productivity of public 
services. 

Analyses of Urban Growth 

Results from an exploratory award 
to the RAND Corp. for research on 
problems of urban growth and de- 
velopment in San Jose suggest that 
the most important influences on de- 
velopment have been Federal pro- 
curement policies and Federal income 
tax policy. These provide large incen- 
tives for new residential development 
but little for rehabilitation of older 
housing sites. Because of these influ- 
ences, the range of decisions open to 
municipal officials is restricted. 

The RAND Corp. is continuing its 
research on urban growth in San Jose 



and, in collaboration with local uni- . 
versities, has begun related research 
in Seattle and St. Louis, with the aim 
of specifying how Federal policies 
affect the growth and economy of 
differing urban areas. 



Clcariugboiise and 
Laboratory for 
Census Data 

A clearinghouse and laboratory 
have been established at the Center 
for Rescai*ch Libraries in Rosslyn, 
Va., to make efficient use of the large 
amount of computer data assembled 
during the 1970 Census of Popula- 
tion. More than 2,000 reels of rapes 
are being processed and edited, and 
programs are being developed to 
make the data more accessible for 
study. Training and advice will be 
provided to researchers in the social 
sciences and other fields in the use of 
census data for research and plan- 
ning. 

Social Costs of 
Nat7iral Disasters 

A group of researchers of the Uni- 
versity of Colorado has begun a sys- 
tematic analysis of 1 S types of natu- 



Urban Development 
Permitted 1970 



Urban Development 
No Longer. 
Permitted 1972 




Development planned for S.in Jose, Calif., was restricted in five areas after analysts by the 
RAND Corp. showed that the cost of delivering services, such as police nnd fire protection and 
street and park maintenance, and utilities, such as sewers, water service, and storm runoff facili- 
ties, would create a large drain on the resources of the city. 
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ral hazards to determine their inci- 
dence, the social and economic costs 
associated with them, and to examine 
remedial steps which might lessen the 
costs of damage from these natural 
hazards, 

EXPLORATORY 
RESEARCH AND 
PROBLEM ASSESSMENT 

Exploratory Research and Problem 
Assessment is an attempt to define, 
analyze, and explore emerging nation- 
al problems relating to technology 
and the health of the economy, to 
human and social needs, and to the 
future trends of the nation's growth. 
Emphasis is placed on systems- 
oriented studies of the impacts of 
science and technology on society and 
of national policy alternatives. 

Exploratory Research 

This program supports the early 
stages of research into problem areas 
where there are significant and press- 
ing public policy issues. For example, 
the development of a citizen feedback 
system for Statewide environmental 
planning is being explored by the En- 
vironmental Planning Information 
Center in Montpelier, Vt. Public edu- 
cational materials will be drawn from 
both Government environmental 
agencies and the citizen groups con- 
cerned with environmental problems. 
Information on citizen attitudes and 
their environmental concerns will be 
provided to executive agencies, to leg- 
islative bodies, to the citizen groups, 
and to the general public. 

The potential for improved effi- 
ciency of small- and medium-scale 
manufacturing by automating parts 
programming is being studied by the 
University of Rochester with the col- 
laboration of an industrial partner, 
the Gleason Works. An important in- 
termediate objective is improvement 
of engineering graphics practices. 
Three fundamental problems must be 
solved: extraction and compaction 
of information from mechanical 



drawings and specifications; synthesis 
of processing sequences from that in- 
formation; and sequence implementa- 
tion for machine control. The desired 
results are part-programming soft- 
ware systems linked closely to engi- 
neering record-graphics systems, and 
prototype systems that can be tested 
in an industrial environment. 

Problem Assessment 

Research efforts in this program 
are intended to assist in defining and 
analyzing national issues in a broad 
context, to synthesize existing knowl- 
edge and identify specific opportuni- 
ties for research to aid decision- 
making and policy processes. 

The protection of privacy of per- 
sonal information in data banks is an 
important issue being addressed by 
the RAND Corp. of Santa Monica. 
This research involves mathematical 
investigations of the theoretical possi- 
bility of creating a data bank with 
perfect invulnerability to invasions of 
privacy. It also is analyzing bounds on 
the achievability of perfect data pri- 
vacy and technical and procedural 
means of achieving a desired level of 
data privacy. Formation of . the 
foundations of a cohesive theory of 
information privacy is under way, and 
the RAND Corp.^s 1969 Computer 
Privacy Bibliography is being up- 
dated. The research is proceeding 
toward derivation of functional rela- 
tionships among security, costs, and 
performance for various data security 
techniques, such as access codes, pri- 
vacy transformations, and special se- 
curity features in operating system 
programs. 

The needs of society in dealing 
with the moral and ethical implica- 
tions of behavior control are being 
Investigated by a task force estab- 
lished by the Institute of Society, Eth- 
ics, and the Life Sciences at Hastings- 
on-Hudson, N.Y. The research will 
be conducted by a multidisciplinary 
group including scientists, ethicists, 
policy experts, and others. Individual 
experts or groups of experts will 
gather information and develop posi- 



tion papers for examination and eval- 
uation by the panel of the institute. 

Researchers at Carnegie-Mellon 
University are investigating means to 
improve consumer safety through in- 
novative consumer education. They 
are attempting to develop instruction- 
al modules for high schools to 
prepare consumers to make better de- 
cisions in the marketplace with re- 
spect to product safety. The research- 
ers will determine consumer attitudes 
and level of knowledge concerning 
safety, and what technical concepts 
and guidelines should be transferred 
to consumers to enable them to un- 
derstand and develop an overall ap- 
proach for intelligent buying and safe 
handling of products. The research 
will also provide manufacturers and 
Government agencies with a descrip- 
tion of the appropriate information 
needed by the consumer to make 
more deliberate, intelligent, confident 
buying decisions. Finally, the investi- 
gations will evaluate the effectiveness 
of teaching modules in accomplishing 
their goals. This experimental ap- 
proach will use the skills of engineers, 
educational specialists, and behavior 
specialists, with the cooperation of a 
commercial television station. 

Technology Assessment 

Technology assessment studies are 
intended to explore systematically the 
impacts of technological intrusions on 
society. For example, the impacts of 
four biomedical technologies are 
being assessed by the Committee on 
Life Sciences and Social Policy of the 
National Academy of Sciences: 1) /// 
v/fro fertilization for human repro- 
duction; 2) predetermination of the 
sex of children; 3) retardation of the 
process of aging; and 4) technologies 
for the modification and control of 
behavior. The information developed 
by the Academy will be published in 
book form. The book will attempt to 
illustrate, by example, one approach 
to the assessment of biomedical tech- 
nology. It will also try to develop 
some general principles for the assess- 
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mcnt of biomedical technologies and 
to offer suggestions for the institiition- 
alizatioii of assessment procedures. 

Technological impacts frequently 
cause widespread public alarm. Case 
histories of such instances are being 
examined by the Midwest Research 
Institute, Kansas City, Mo., in an in- 
terdisciplinary research project on the 
properties of such "unstructured tech- 
nology assessments." The program in- 
volves the preparation of the histories 
of a minimum of lO'^ cases occurring 
during the past 25 years. Conse- 
quences of the cases will be studied in 
detail to derive understanding of the 
full nature of the associated impacts 
or consequences on society. Particular 
attention will be given to early warn- 
ing indications of public alarm and to 
effective remedial actions. 

Two survey studies of technology 
assessment activities are nearing com- 
pletion. "Technology and Public Poli- 
cy: The Procew of Technology As- 
sessment in the Federal Government" 
has been studied by the George 
Washington University. A broader 
survey of the extant technology as- 
sessment .activities at various levels of 
government, industry, and private in- 
stitutions has been accomplished by 
Peat, Marwick, Mitchell, and Co., of 
Washington, D.C. 

INTERGOVERN- 
MENTAL SCIENCE 
AND RESEARCH 
UTILIZATION 

NSF's Intergovernmental Science 
Programs assist State and local gov- 
ernments in strengthening their capa- 
bilities to foster and support the de- 
velopment and use of scientific meth- 
ods and technologies. 

These programs are administered in 
close coordination with the Pres- 
ident's Office of Science and Technol- 
ogy . and the Office of Intergovern- 
mental Relations in the Office of the 
Vice President as these offices move 
ahead with implementing the inter- 
governmental aspects of President 
Nixon's Science and Technology Mes- 



sage of 1 972. Continuing relation- 
ships are maintained with the Nation- 
al Governors Council on Science and 
Technology and with the Science and 
Technology Committee of the Na- 
tional Legislative Conference. Close 
relationships also exist with the na- 
tional instrumentalities of State and 
local governments in planning and ad- 
ministering activities in this area. 

Objectives of the Intergovernmen- 
tal Science Programs include improv- 
ing communications, identifying and 
assessing needs for science and tech- 
nology, testing new mechanisms to 
encourage the use of science and tech- 
nology, and disse^iiinating and diffusing 
results of studies and demonstrations. 

Among the State-level activities, a 
grant was awarded to the Ohio State 
University Research Foundation for 
the design and implementation of a 
planning and decision information 
system for the Governor of Puerto. 
Rico. The system is serving as a -.pro- 
totype for other such State systems. A 
planning grant was awarded to Cali- 
fornia for the design of a comprehen- 
sive mechanism to aid the State in 
bringing science and technology to 
bear upon domestic problems. A pilot 
project was initiated with the Pennsyl- 
vania Science and Engineering 
Foundation to extend to local govern- 
ments the technical assistance services 
of a university-based technology ap- 
plications program. 

To implement the President's 
science and technology message, six 
conference studies on Statewide re- 
search and development priorities 
were supported in Ohio, Oklahoma, 
Georgia, Pennsylvania, California, 
and Puerto Rico. These studies will 
serve to identify R&D needs and ca- 
pabilities, the potentials offered by 
science and technology to State gov- 
ernment operations, and the areas 
where Federal-State partnership ac- 
tivities might be enhanced. Funds 
were also provided for the partial 
support of a National Action Confer- 
ence on Intergovernmental Science 
Policy held in Harrisburg, Pa., co- 
sponsored in part by the U.S. House 
of Representatives Science and As- 



tronautics Committee. Several proj- 
ec t r, w ere a p p ro v ed in t h e a rca o f 
academic public service, including a 
3-day conference conducted by the 
National Association of State Univer- 
sities and Land Grant Colleges. Sup- 
port was provided for an Academic 
Resources Council in South Dakota 
which involves all of the State's insti- 
tutions of higher education. In order 
to strengthen the relationship between 
scientific and technological research 
and State government operations, a 
program administered by the Massa- 
chusetts Department of Community 
Affairs will involve graduate research 
students from a number of Boston 
area institutions with activities of the 
Commonwealth. 

Additional activity in the programs 
involving State legislatures was under- 
taken during the year with an initial 
grant to the State of New York As- 
sembly to provide partial support to 
the Assembly Scientific Staff and to 
fund public policy research by coop- 
erative graduate student and profes- 
sor groups. 

Increased emphasis was placed 
upon activities to aid local govern- 
ments in their use of science and 
technology in decision-making and 
program operations. An industry- 
related aerospace technology applica- 
tions program was initiated during the 
preceding fiscal year in Fresno, San 
Jose, Anaheim, and Pasadena. Build- 
ing on this program and two projects 
at Auburn University and the Univer- 
sity of Missouri, which use the exper- 
tise of displaced engineers and scien- 
tists, grants were made to support 
two other models designed to enhance 
the use of science and technology in 
the local government setting. One of 
these models will address self-initiated 
institutional change for increased 
science and technology impact in Ta- 
coma. Wash.; the other will test out 
ways of maximizing the utihty of 
voluntary activities conducted within 
the framework of a municipal science 
and technology advisory committee in 
Philadelphia. 

During the fiscal year, two particu- 
larly significant studies were published 
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dealing with intergovernmental 
science policy. The first of these re- 
ports, Poii/cr to the States — 
Mohilizing Public Tccbnolb^yy was 
the product of an Intergovernmental 
Science Program -supported study 
conducted by the Council of State 
Governments. The other report, Puh- 
lie Technology — A Tool for Soil ing 
National Problem was transmitted 
to the Federal Council on Science 
nnd Technology by ir*; Committee on 
Intergovernmental Science Relations. 



These studies have added greatly to 
the understanding of the field of in- 
tergovernmental science policy. 

During the year, responsibility for 
assuring the utilization of research 
results developed by RANN was 
assigned to the Intergovernmental 
Science Programs Office, and the 
name of the office was changed to 
reflect this new responsibility. This 
function will be accorded high priori- 
ty in t!ie aCliviliCo of the ofliCe in the 
coming fiscal year. 
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New national priorities together 
with changes in public attitudes to- 
ward science and the education of sci- 
ence manpower have been reflected in 
the Foundation's programs supporting 
science education. With emphasis on 
Innovation and improving the quality 
of science education, the refocusing 
of the Foundation's education activi- 
ties, following the pattern which took 
clearly defined shape in fiscal year 
1971, has continued at an accelerated 
pace. This new pattern has among its 
major goals: 

• developing science education 
programs aimed at providing an 
appropriate number, variety, 
and quality of scientific and tech- 
nological manpower; 

• stimulating a greater interest in 
and understanding of science 
among a broader spectrum of 
today's students and the general 
public; and 

• improving the effectiveness of 
science education in terms of 
the nation's financial investment 
therein. 



Clearly, the n.ition's educational 
system has for several ye.irs been un- 
der great stress. Rising enrollments 
have brought with them at all levels a 
wider variety of students with a wider 
variety of abilities and a wider variety 
of goals. These efforts, together with 
new student attitudes about the pur- 
poses of education, have forced insti- 
tutions to adopt new practices and 
adapt programs to new and far more 
complex situations. Some of the 
changes have resulted in better educa- 
tion, others have not; sorrie have been 
responsive to real needs, others have 
been far wide of the target. During 
this same time period, costs of educa- 
tion have increased markedly, resulting 
in increased taxes, increased tuition 
charges, and depleted institutional 
financial resources. 

The Foundation cannot, of course, 
provide even a small fraction of the 
funds needed to pay the increased 
costs related to science education. It 
can, however, by judiciously targeted 
investments aimed at developing, test- 
ing, and promoting better courses and 
curricula; at identifying appropriate 
uses of new educational technologies; 



Table 7 

Education in Science 
Fiscal Year 1972 

(Dollars in thousands) 



Number of 
proposals 
received 



Dollar 
amount 
requested 



Number of 
awards 



Funds 
obligated 



Science Education Research, Development, and Demonstration 
Alternative Instructional Methods and Materials 

Curriculum and Instruction Development 64 

Science Curriculum Improvement 51 

Advanced Science Education 59 

Experimental Models and Demonstrations 

Resource Personnel Workshops and Conferences .. . 70 

Comprehensive In-Service Teacher Education ... .... 11 

Pre-Service Teacher Education 22 

Technician Education Development 41 

Student-Originated Studies 284 

State and Urban Systems 3 

Instructional Improvement Implementation 
Training Educational Personnel for Implementation 

Secondary School Teachers Programs 1,355 

College Teachers Programs 461 

School System and College Implementation 

Cooperative College-School Program 479 

College Science Improvement Program 158 

Instructional Scientific Equipment Program , 1,529 

Talented Students 

Student Science Training ; , 525 

Undergraduate Research Participation 1,015 

Graduate Student Support ^ 

Fellowships 6,199* 

Traineeships 1,808* 

Presidential Internships - 728 



$U,500 
8,000 
4,400 

3,100 
3,800 
4,600 
7,000 
4,400 
1,700 



76,700 
19,500 

21,100 
37,900 
15,000 

9,200 
14,000 

39,100 
11,000 
5,100 



39 


$ 3,469 


38 


4,618 


49 


2,255 


46 


1,359 


11 


3,364 


11 


1,511 


11 


1,251 


103 


1,896 


2 


1,680 


544 


18,330 


207 


3,182 


151 


4,355 


49 


9,067 


372 


2,881 


124 


1,938 


311 


3,860 


1,550* 


9,897 


1,808* 


10,443 


570 


3,925 



* Applications — not proposals. 



and at assisting in disscnnination of 
information about and implementa- 
tion of new and innovative kinds of 
programs, stimulate higher quality 
science education which will at the 
same time result in a higher ratio of 
benefits to costs. 

In fiscal year 1 972, therefore, 
groundwork was laid for more spe- 
cific reorientation of certain already 
existing prograxns and for develop- 
ment of new activities within a struc- 
ture targeted along three principal 
lines: Science Education Research, 
Development, and Demonstration; In- 
structional Improvement Implementa- 
tion; j»nd The Talented Student. 
There has been, in addition, a sepa- 
rate program of Graduate Student 
Support. Under these four headings, 
the Foundation conducted education- 
al activities in fiscal year 1972 to 
meet the new changes and demands 
placed on the nation's scientific and 
engineering communities. 

SCIENCE EDUCATION 

RESEARCH, 
DEVELOPMENT, AND 
DEMONSTRATION 

Research, development, and 
demonstration encompass two main 
lines of activity. The first is the de- 
velopment of alternative instructional 
methods and materials. The second 
involves experimental models and 
demonstrations. Together these pro- 
vide the cutting edge of new innova- 
tions in science education. Through 
them the Foundation seeks to redirect 
and revitalize the teaching of science 
and technology for both those who 



will pursue a career 'n these fields and 
those who need a sufficient knowledge 
of them to conduct the complex 
affairs of society more cfTectively. 

ALTHRNATIVr. 
INSTRUCTIONAL 
xMI'TI-iODS AND 
MATERIALS 

Essential to the improvement of 
science education is support for the 
developrnent and testing of new 
teaching materials, courses, and cur- 
ricula at al' levels — pre-college, col- 
lege, and graduate. At all three levels, 
increasing attention is being given to 
newer disciplines and interdisciplinary 
fields, and to materials and education- 
al programs appropriate to the broad- 
er spectrum of students within the 
educational system. 

Curricnluin and Instruction 
Development 

During fiscal^ year 1972, the Course 
Content Improvement Program, 
aimed at pre-college levels of educa- 
tion, became the Curriculum and In- 
struction Development Program 
(CID). The new name reflects more 
accurately the interests and functions 
of the program, which is concerned 
not only with development of courses 
and curricula, but with research in 
various areas including learning, the 
structure of educational organization 
and evaluation, and with development 
of more effective means of instruc- 
tion. 

The major effort within the pro- 
gram was to consolidate previous at- 
tjipm^nts with respect to out-of- 



school activities, vertical integration, 
and new models of school organiza- 
tion. Plans are to support additional 
work in all of these areas as well as in 
the areas of research and learning. 
Two areas given special attention in 
the CID program were Science Edu- 
cation Outside of School Walls and a 
Political Science Curriculum Study. 

Three grants have been made to 
support Science Education Outside of 
School Walls. The Smithsonian Insti- 
tution received a grant to develop an 
experimental touch exhibit for the 
purpose of investigating whether 
guided handling of real objects of 
natural beauty could indeed lead visi- 
tors to the kinds of curiosity and in- 
sights in learning about natural 
science that do not occur in the usual 
museum situation. A grant was made 
to the Palace of Arts and Science 
Foundation (San Francisco) for the 
development of a series of participa- 
tory exhibits for the Arts and Science 
Exploratorium, which is unique in its 
emphasis on sensor}' perception. The 
University of California, Berkeley, 
was awarded a grant to provide sup- 
port to the Lawrence Hall of Science 
for a project to develop instructional 
models for outdoor education of stu- 
dents, ages 11 to 15. 

Fiscal year 1972 also saw the initi- 
ation of what may turn out to be a 
major curriculum development in the 
area of political science through a 
grant to the American Political 
Science Association for a curriculum 
development effort at both the ele- 
mentary and secondary school levels. 
Although the major theme will be 
political science, much material from 



. Table 8 

Curriculum and ifnstruction Development Program 
Financial Suppor! fay Discipline 
Fiscal Ye^r 1972 

Inter- Multi- 
Biological Social disciplinary disciplinary 
sciences Mathematics Physics sciences sciences sciences * 

Elementary $ 27,000 $191.750~ -0- $49,400 $722,089 $ 702,011 

Intermediate 178,450 22,800 -O- -O- 5,000 601,123 

Secondary 78,650 165,200 $15,300 1,073,204 99, 500 885,291 

Totals _ $284,100 $379,750 $15,300 $1,122,604 $826,589 $2,188,425 

Percentages '. 5.9 7.9 .3 23.4 17.0 45.3 

* Includes Resource Personnel Workshops and Administrators' Conferences. 



Other 
science 



$11,000 
.2 



Totals 



• O- $1,692,250 

• O- 807,373 
$11.000 2,328,145 



.$4,827,768 
100.0 
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a variety of socinl and behavioral 
science areas will be incorporated. 
This interdisciplinary spread within 
the general aieas of social and behav- 
ioral sciences is also evident in mate- 
rial being prepared under two grants 
to Education Development Center for 
continuing support of the Exploring 
Human Nature Project. 

The distribution of program funds 
by discipline in fiscal year 1972, as 
seen in tahle 8, shows the emphasis 
on the social and behavioral sciences. 
Of the $3.5 million recommended for 
the usual kinds of activities supported 
through the Curriculum and Instruc- 
tion Development Program, $1.1 mil- 
lion or 23 percent was in grants iden- 
tined irs social science. 

Scieuce Curriculum 
hnino lemcnt 

New demajius on science require 
continued improvement in undergrad- 
uate scien^^e curricula. In fiscal year 
1972, initial grants were made in sup- 
port of large-scale projects capable of 
significantly altering the way under- 
graduate science is taught. Among 
these projects were The Experimental 
Approach in Undergraduate Engi- 
neering, at Illinois Institute of Tech- 
nology; Computer-Based Teaching 
Techniques in Undergraduate Science 
and Engineering Education, at the 
University of Texas, Austin; and the 
Biology Core Co~Tie (BIO-COTIE) 
Program, at Color.ido State Univer- 
sity. 

The intent of the TIT project is to 
completely restructure the undergrad- 
uate engineering curriculum. The tra- 
ditional classroom lecture approach 
will be abandoned entirely and re- 
placed by a program of project- 
oriented studies. Problems of a broad 
scope will he posed to project groups 
composed of from four to 1 5 stu- 
dents. The factual information needed 
will be made available in modules 
developed to "enable and encourage 
self-instruction. Thus, the faculty 
members can concentrate on those 
teaching activities requiring personal 
interaction with students. 



At the University of Texas, Aus- 
tin, a concentrated effort will be 
made to provide computer-based in- 
struction on a university-wide basis. 
Twenty-three individual projects in 18 
departments in the colleges of engi- 
neering and of arts and sciences are 
involved, but with the significant 
characteristic that all of these in- 
volvements are to be integrated and 
correlated with one another. 

The BIO-COTIE project at Colo- 
rado State University i* designed to 
upgrade the sophomore biology offer- 
ings of all of the 2-year colleges in 
the State of Colorado, ^ J to en- 
sure that biology graduates of these 
s c hoo Is can p roc ced d i rec 1 1 y to ad- 
vanced work at 4-year schools. To 
supplement their own course materi- 
als, the 1 3 community colleges in- 
volved will be provided with a great 
deal of supportive instructional mate- 
rial, much of it in the form of video- 
tapes prepared by both CSU and 
2-year college personnel. The focus of 
inrcrest in this project, like the one at 
the University of Texas, Is the use of 
specially prepared materials in a 
widespread and Integ'*ated fashion. 

Advanced Science Education 

Support for the development of 
alternative kinds of doctoral-level de- 
gree programs began In fiscal year 
1970 and continued this year with 
four grants. One grant will assist the 



University of California, Los Ange- 
les, In inaugurating a new 5 -year pro- 
gram leading to a Doctor of Environ- 
mental Science and Engineering de- 
gree. This program is Intended for 
students with undergraduate degrees 
In any fieid of natural science and 
env;;inccrlng who wish further educa- 
tion In the application of scientific 
and engineering technology to existing 
and anticipated environmental prob- 
lems. 

Another award went to the Univer- 
sity of Illinois at Chicago Circle for a 
doctoral program to produce college 
teachers. Based In the biology, 
chemistry, and mathematics depart- 
ments, this program will Incorporate 
various communications methods and 
education technology in the design of 
new instructional systems. 

The University of California, Berke- 
ley, with the help of NSE funds, is 
developing a new Ph.D program in 
the Graduate School of Public Policy. 
A feature of this program is that In 
their second year, groups of four or 
five Students join groups of at least 
three faculty members from different 
fields in "syndicates" to study substan- 
tive policy areas such as the technolo- 
gy of police service delivery or in- 
come maintenance systems. The ulti- 
mate objective of this approach is to 
provide the nation with needed 
professionals who can furnish policy- 
makers with analytical materials 
necessar)' to reduce the degree of un- 
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Under a grant to Worcester Polytechnic Institute for a program akin to that at Illinois Insti- 
tute of Technology to implement a new flexible curriculum, students pursue independent study 
projects. These students perform air pollution measurements in an industrial complex. 
(Photo by Worcester Polytechnic Institute) 



certainty that currently attends the 
piibh'c poh'cy formation process. 

Michigan State University received 
a grant in the Advanced Doctoral- 
Level Program to provide partial as- 
sistance foir the development of a 
3-year sequence of activities in scien- 
tific instrumentation. This sequence is 
intended to make available to stu- 
dents of many science departments an 
instrumentation minor . in their Ph.D 
programs. 

A grant to the University of Den- 
ver was one of five new projects initi- 
ated during 1972 directly concerned 
with the development or strengthen- 
ing of master's-level programs intend- 
ed to meet critical needs. The College 
of Law and the Graduate School of 
Arts and Science have inaugurated a 
new Master of Science degree in Law 
and Society. An innovative feature of 
the program is the provision for a 
practice program enabling the stu- 
dents to teach law an the high school 
or college level and also to pursue 
legal activities in a variety K^i commu- 
nity settings. Three other projects in 
this category involve a joint M.S. pro- 
gram in Engineering and Public Ad- 
iraVn'stration, at New York University; 
the development of computer-aided in- 
structional materials and time-sharing 
procedures as part of an M.S. pro- 
gram in economics, at Florida Atlan- 
tic University; and a new design- 
oriented M.S. program at the State 
University of New York at Buffalo. 

Continuing education at the gradu- 
ate level was supported through a 
grant made to Stanford University to 
carry out experiments with and to 
assess television techniques expected 
to be widely used in the future. Stan- 
ford now operates a four-chan»- .L In- 
structional Television Network with a 
two-way audio capability between the 
originating classroom and remote sites 
in the San Francisco Bay area. 

Five awards were made in the 
category of Interdisciplinary Student- 
Originated Research Training 
(ISORT). As was the case in fiscal 
year 1971, all were concerned with 
environmental or social problems. 
These projects involved planning for 



meteorological and pollutant net- 
works in California, being carried out 
by a team of three UCLA students; 
social cybernetics and computer-based 
communications media by two gradu- 
ate students at the University of Illi- 
nois; problem-solving in urban play- 
grounds by three CUNY students; 
and population density and social pa- 
thology in selected areas in New York 
City, by a team of Queens College 
students. 

The fifth ISORT project was a 
study at Stanford University on Mass 
Media Coverage of Environmental 
Problems, carried ous; by students in 
the School of Medicine and the De- 
partment of Communication. 

liXPERlMENTAL 
MODHLS AND 
DEMONSTRATION 

While the Foundation is unable to 
support full-scale implementation of 
new courses and curricula throughout 
the country, it is preparcd\to take the 
intermediate step of establishing mod- 
els and demonstration projects in 
which new materials, techniques, and 
instructional modes can be tried out 
and subjected to careful evaluation. 
In this way, new courses and curricu- 
la can be managed and publicized so 
that their characteristics and value as 
teaching and learning mechanisms 
will be clearly evident. Included also 
are some of the Foundation's most 
recently initiated activities, still being 
operated as "experiments,** and to be 
continued pending more thorough 
evaluation of their usefulness. Within 
Experimental Models and Demonstra- 
tions are activities targeted at all 
levels of education. 

Resource T^ersonuel 
Workshops and 
Conferences 

Resource personnel projects are de- 
signed to inform pre-college supervi- 
sor)' and teaching personnel about 
prospective new curricula. Supervisor 
Projects include short courses which 
provide the information necessary for 
educational decision-makers — prin- 



cipals, directors of education, and 
other school administrators — to con- 
clude whether or not to ^^dopt specific 
curricula changes for their school sys- 
tems. They also give these supervisors 
the necessary ba( kground to support 
their teachers should these new cur- 
ricula be implemented. Other pre- 
collcge resource personnel projects in- 
clude a course of 3 to 4 weeks* dura- 
tion, with some follow-up in the 
Academic Year Institutes Program 
discussed later. A major focus of 
these projects is to provide leadership 
training for implementing new curri- 
cula. Such projects typically bring to- 
gether a team consisting of a science 
educator, :* school r Jministrator, and 
a teacher to take the course, after 
wliich they assist their home school 
district in adopting the curriculum 
improvements. 

In addition to funding u<?, distribu- 
tion of information about newly de- 
veloped courses and curriculum mate- 
rials and providing courses on them, 
NSP supports conferences directed 
toward planning the cooperative de- 
velopment of new courses. At these 
conferences, 5cientists, educators, and 
educational technology experts plan 
concise materials and curricula that 
can be fully developed in appropriate 
teacher-training institutions. Students 
in pre-service teacher education pro- 
grams at these institutions help with 
the design, development, and testing 
of these materials. Together, the 20 
grants for these administrators' con- 
ferences and the 26 grants for the 
resource" personnel projects provide 
various degrees of background or 
training for nearly 2,700 participants 
in fiscal year 1972. 



Table 9 

Resource Personnel Workshops 
and 

Administrators' Conferences 



Total Number of Requests 70 

Total Dollars Requested $3,109,991 

Total Dollars Granted $1,358,562 

Resource Personnel Workshops 

Requests 41 ^ 2,652,226 

Granted 26 1,086,930 

Administrators' Conferences 

Requests 29 457,765 

Granted 20 271,632 
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Covipreheiisive In-Service 
Teacher Education 
Projects 

The primary objective of these 
comprehensive grants is to offer in- 
service training opportunities for 
teachers who will become an integral 
part of the teacher education pro- 
gram of the participating institutions. 
Support, normally provided for a 
4-year period with renewal grants on 
a yearly basis, is offered to institutions 
which show evidence that changes in- 
duced by the projects are likely vo 
persist beyond the period of the 
grant. 

During the past year, five supple- 
mental grants were made for compre- 
hensive projects initiated last year at 
the University of Notre Dame and 
San Jose State College (mathemat- 
ics) ; the universities of Mississippi 
and South Dakota (biology and 
chemistry); and the University of 



Wyoming (physical sciences). In ad- 
dition, three new projects were fund- 
ed at the University of Arkansas 
(mathematics) ; California State Col- 
lege at Fullerton (science); nnd Vir- 
ginia State College (biology and earth 
sciences) . 

The comprehensive grant awarded 
to the University of Wyoming pro- 
vides an example of the way in which 
such grants foster a lasting interaction 
between the teacher training institu- 
tion and the teachers in the region it 
serves. Under the project at Wyo- 
ming, a system of **portal schools" is 
being developed throughout that State 
and in neighboring States, designed to 
train teachers in newly developed cur- 
ricula and materials, and staffed by 
teachers trained in summer and 
academic year institutes at the univer- 
sity. At present, there are 20 portal 
schools serving 920 teachers. A 
Science Teaching Center at the uni- 
versity serves as administrative cen- 
ter, library, and materials repository 



for demonstration and developmental 
work on courses and curncula. In 
addition, a distinguished professorial 
chair of science education has been 
established to enhance the prestige of 
science education and stress the high 
priority assigned to it by the univer- 
sity. 

PreSeri'ice Teacher 
Education 

In recent yeatj, the Foundation has 
stressed improvements in the pre- 
service training of elementary and 
secondary school teachers as an 
economical way to decrease the need 
for their early retraining. This ap- 
proach often requires extensive chan- 
ges involving the entire curricula 
through which all students in the in- 
stitution who are preparing to teach 
science receive their initial training. 
Its potential is exemplified in a pre- 
service education project begun some 
3 years ago by the Physical Science 
Group at Newton, Mass., which has 
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produced instructional materials spe- 
cially adapted for under^^raduates 
who plan to become teachers of 
science in secondary schools. 

Pre-service teacher education clear- 
ly involves a coordination of effort 
between higher education and ele- 
mentary and secondary education. 
The same principlf that of recogniz- 
ing seemingly sep.irate elements as 
actually units of an overall education- 
al system, is applied in the program 
of Cooperative Projects for 2-Year 
Colleges. In this program, the 
Foundation supports State or urban 
consortia of 2-year college science de- 
partments cooperating with neighbor- 
ing university departments to improve 
the substance and quality of educa- 
tion. As a result, students may ad- 
vance more efficiently to study at 
4-ycar colleges and universities. Over 
1,000 2-year college science depart- 
ments in over 600 2-year colleges 
have benefited from these grants. 

Technician Education 
Development 

The Technician Education De- 
vcloptiient Program, which became 
operative during fiscal year 1972, is 
intended to provide a variety of in- 
structional models. Ten initial grants 
have been awarded for projects to 
strengthen curricula and to establish 
new opportunities in both 2-year and 
4-year colleges. The past year has 
seen a significant rise in the number 
of programs being offered by colle- 
giate institutions for training techni- 
cians and technologists primarily for 
research. And there are indications 
that many colleges are making efforts 
to reach back into local secondary 
schools to make a career in technolo- 
gy more attractive. To encourage ex- 
perimentation in this effort, a grant 
was made to Los Angeles Pierce Col- 
lege to develop a program in Com- 
puter Electromechanical Technology 
for interested 11th and 12th grade 
high school students. The experience 
gained in cooperative ventures of this 
sort should provide greater latitude in 
technical education and an improved 
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relationship among all technical ar- 
eas. 

Student-Originated 
Studies 

Still another type of model, one 
which shows considerable promise of 
influencing the pattern of student- 
teacher interaction, is developing in 
the Student-Originated Studies Pro- 
gram, Now in itf second year of oper- 
ation, this activity provides a large-scale 
test of the degree to which students 
are capable and ready to undertake 
self-instruction through self-designed 
and self-managed scientific investiga- 
tions. In fiscal year 1972, grants 
awarded to 120 colleges and universi- 
ties supported 103 student projects 
involving more than 1,300 undergrad- 
uate college students. 

In addition to demonstrating stu- 
dents' readiness to assume increased 
responsibility for their own educ:i.:ion- 
al development, student-originated 
projects encourage college students to 
express productively their concern for 
the environmental and societal well- 
being of the nation. Some examples 
of this have been projects on: 



• An economical way to force 
water into molecules so that 
waste glass could be formed into 
a commercially usable insulating 
material; 

• A cheap and effective way to 
reduce stream pollution caused 
by runoff from farm feed lots; 
and 

• Biological uptake of heavy met- 
als in sediments washing down 
from old mines. 

Many student-originated projects 
funded by this program have elicited 
wide public interest as reflected by 
their coverage in the news media. 

State and Urban Systems 

Two systems grants were made in 
1972, a supplemental grant for the 
Systems Approach to Science Educa- 
tion in Delaware to support the sec- 
ond year's operation of the Del Mod 
Project, and an initiating grant for 
the Oregon System in Mathematics 
Education, 

The Del Mod Project, which is a 
cooperative effort of the University of 
Delaware, Delaware State College, 
Delaware Technical and Community 
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Student-Originated Studies 
Distribution of Grants 
Fiscal Year 1972 






Region 


Discipline Type 




Total 
Number of 
Grants 



New England 

Middle Atlantic . 

South Atlantic 

East South Central 
East North Central 
West North Central 
West South Central 

Mountain 

Pacific 



I 


11 


III 


IV 




2 


5 


2 


2 


11 


3 


2 


5 


4 


14 


3 


4 


7 


3 


17 


0 


2 


0 


3 


5 


5 


4 


4 


5 


18 


2 


2 


1 


4 


9 


0 


1 


3 


1 . 


5 


3 


3 


1 


2 


9 


5 


3 


4 


3 


15 


23 


26 


27 


27 


103 



Discipline 

I. Resource Utilization Studies 

II. Water Quality Studies 

III. Urban and Rural Studies 

IV. General Environmental Studies 



23 
26 
27 

\i7 

103 
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These three gtoiips arc cotidiictinj; projects as part of ilie Student-OrlKi"'ited Studies Program. 
(Top) Students at Virginia Polytechnic Institute are csiablishini; space criteria and design 
criteria th;it may influence the bch.n'ior of pre-school chihlren. (Center) Another VIM group 
is .isscisinj? eflfects of polhitants un the ecnloKy of a streiini. (lioctom) A University of California, 
Riverside, team is studying the geological, economic, and social implications of earthquakes 
incident to the San Jacinto fault. Seismic nieasitrements help thiMii give specific fault location 
data tu honieosvners, contractors, and highsvay officials. 



Ci)llci;c, the Oi'Luvare Si.Uo Dcp.irt- 
,ncnt o( PtiMic InstriiciiLUi. .iiul the 
26 schtHil Jisiricis of the Si.uo. h.is .is 
iis objectives the Jcvclopnicnt ol bol- 
ter science courses, iiiiproveinent ot 
the qiMliiic.itions of science to.uliers, 
an J introtiuction of new teach inj; 
stratci^lcs. 

A seconci systems i;r.int in the 
amount of SI milHon was m.nle to 
the Orei;on I-'ducation.il Coortiinatinj; 
Council for the support of m.it hemat- 
ics education in Orei;on. The Oregon 
System In Mathematics Education is a 
coordinated Statewide project deaHni; 
with mathematics education in i^rades 
K-14, with a .strong; emphasis on in- 
struction at the elementary lev eh 

iNSTR ucrnoNAi 
imimu)vi:mi;n'! 
iMPi,i:.\ri,NrATi()N 

Within this area of activity there 
are two principal lines of attack — 
one oriented toward trainini^ that will 
provide to educational personnel in 
the schools and collei;cs the back- 
ground required to institute or imple- 
ment course and curricular chani^es; 
the other providing support for imple- 
mentation of new courses or curricul.i 
in a limited number of institutions, 
with the intent that these will serve as 
models for ronsideration by others. 

TRAINMNG 
i:[)UC7\T10NAL 
P1-.RSC)NN1{L FC^R 
IMPlJ-Ml-iNTyvTlON 

'\ctivities within this category take 
into .iccount the fact that implemen- 
taticn of new courses and curricula 
and introduction of new modes of 
teaching can be effected only in iasti- 
tutlons In which the teaching faculty 
is already receptiv? to change. That 
faculty must also be competent to 
perform in a way that will ensure 
viability or at least an objective try- 
out of new instructional patterns. The 
Intent, therefore, is to provide teach- 
ers and other pt:rsonnel with the 
knowledge and-cunderstanding of new 
materials and the techniques of their 
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planning and develop niLMit necessary 
to achieve this i^oal. Since the nature 
of the educational process varies from 
level to level, there are activities di- 
rected at both pre-college and post- 
secondary personnel. 

Secondary School Teachers 
ProiJiranis 

In addition to classroom study in 
courses desii»ned to meet the needs of 
participants, the Foundation supports 
a number of summer and in-service 
institutes. Some focus on acquainting 
teachers with new course materials 
and assisting them in implementing 
these new materials in their classes. 
Others as.sist teachers in developing 
their own course materials. 

Many teachers arc inadequately 
prepared to conduct field work with 
their students, hence, many institutes 
include field work; some are conduct- 
ed entirely in the field. One summer 
of the Michigan State University 
3-summer sequence, in biology has 
been conducted at Gull Lake Biologi- 
cal Station. The University of Wis- 
consin System has provided a field 
institute in biology at its Pigeon Lake 
Biological Field Station and one in 
"environmental assessment*' at its 
Clam Lake Field Station. The Iowa 
State University Institute in Field 
Studies in Earth Science has been 
conducted at Philmont Scout Ranch, 
Cimarron, N. Mex.; each participant 
in this institute has been given experi- 
ence in practice teaching in the field 
through planning and his conducting 
instructional hikes with groups of 
Scouts* By contrast, the Illinois Insti- 
tute of Technology institute in physics 
has been devoted to the "inner city"; 
its participants have been Chicago in- 
ner city teachers. 

A combined Summcr/In-Service 
Institute for physical science teachers 
in eastern North Carolina was de- 
signed and conducted jointly by Eliza- 
■■' beth City State University and East 
Carolina University* One of the pur- 
O poses was **to orovide a common coal 
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for two state universities that have 
been working separately . . . for many 
years. The fact that the project in- 
volves a predominately black school 
and a predominately white school 
should help build lines of communica- 
tion between students and staff of the 
two schools." The project staff is 
drawn equally from the two institu- 
tions. 

The close in-service institutes (1ST) 
involvement in the implementation of 
new curricula was continued with the 
fiscal year 1972 program. Particularly 
noteworthy is the increase in the 
number of training opportunities allo- 
cated to social science, Engineering 
Concepts Curriculum Project, and In- 
termediate Science Curriculum Study 
materials. The seven Man: A Course 
of Study projects are to be involved 
in a national assessment, similar to 
the 3-year evaluation of earth science 
in:ititutes undertaken by the Earth 
Science Curriculum Project at Boul- 
der, Colo., during 1968-71. For the 
social sciences, the estimated distribu- 
tion of participant opportunities by 
discipline was up from last year's 4,2 
percent to 9.3 percent, which more 
closely approximates the 12.6 percent 
called for by the numbers of social 
science teachers. 

In accordance with a policy insti- 
tuted in fiscal year 1972, Academic 
Year Institutes (AYI) may have ei- 
ther a national or regional orienta- 
tion, that is, they may draw partici- 
pants from the country at largo or 
from a carefully circumscribed geo- 
graphic region such as a 'rhetropolitan 
area, a State, or a group of States. 
Regardless of tlic^ geographical scope 
selected, AYI participation is intend- 
ed for well- trained teachers capable 
of moving into leaderhsip positions. 

In fiscrJ year 1972, rcven nationally 
oriented and 18 regionally oriented 
projects were awarded. Of the 
former, one is intended for in-service 
science supervisors, three for supervi- 
sor-trainees, two for resource person- 
nel in mathematics, and one for 
economics education consultants. 



College Teacher 
Programs 

It is through summer institutes and 
short courses (including the new 
Chautauqua- type short courses) that 
the Foundation assists college teach- 
er.s. An increasing proportion of cur- 
rent .support by the College Te.icher 
Programs is for projects in interdisci- 
plinary areas, environmental controls, 
curricular innovations, and new ap- 
proaches to teaching and learning. 
These programs are being used more 
and more to assist teachers in replac- 
ing outmoded curricula with major 
revisions of undergraduate course se- 
quences. There is also n noticeable in- 
crease in the involvement of social 
scientists in the use of these programs 
to prepare teachers for implementing 
curricular improvements. The insti- 
tutes and short courses supported in 
fiscal year 1972 include such topics as 
the application of micro-economic 
theory to public policy problems, the 
use of computer science in social and 
behavioral science research, and the 
applications of systems analysis to 
land use problems. 

SCHOOL SYSTl'lM 
AND COLLKGi: 
JMPLUMKNTATTON 

School System and College Imple- 
mentation activities are directed 
toward the support of actual imple- 
mentation of change at both pre- 
college and post-secondary levels — 
for the former, indirect support (via 
colleges and universities) for imple- 
mentation of new cour5 : or curricula 
within a school or school system; for 
the latter, direct support colleges 
and universities for reform of their 
science education program.^. 

Cooperative College -School 
Science 

The Cooperative College-School 
Science (CCSS) Program assists 
schools and school systems in attain- 
ing substantive improvements in their 
science and mathematics courses and 
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curricula. A planned project of 1 to 3 
years seeks to provide the partlcipat- 
ini; schools with a central core of 
teachers capable of introducin^j; changes 
in classrooms involved. The projects 
supported by the CCSS program 
reflect the distinctiveness of the coop- 
erating school systems and their 
needs, as well as the strength of their 
commitment to improve their science 
and mathematics programs. 

The quality of projects to strength- 
en science education in elementary 
schools has improved steadily since 
1967. The number of proposals has 
increased from 111 to 479; the num- 
ber of projects serving elementary 
teachers alone has increased from 12 
out of 56 (or 21 percent) to 69 out 
of 143 (or 48 percent), a trend the 
Foundation is seeking to encourage. 
Additional projects are training both 
elementary and secondary teachers. 
In the past 3 years, the CCSS pro- 
gram has supported 16 5 projects in- 
volving 8,768 participants in <?lemen- 
tary curricula developed under 
Foundation grants: Science — A 
Process Approach (SAPA) ; Science 
Curriculum Improvement Study 
(SCIS); Elementary Science Study 
(ESS); and Man: A Course of Study 
(MAC JS). 

Since 1968, a considerable number 
of proposals have been received to 
improve science and mathematics edu- 
cation for the disadvantaged. Several 
of these proposals have been sup- 
ported. Two such projects In 1972 
have the primary objective of provid- 
ing educationally and culturally disad- 
vantaged junior or senior high school 
students With positive educational ex- 
periences which stress achievement 
and minimize failure. A basic assump- 
tion in each program is that poor 
motivation is a significant cause of 
low achievement by the culturally 
disadvantaged, that success in a high 
status subject will raise a student's 
self-image. One project at Purdue 
University involves development of 
audio-tutorial methods for implemen- 
tation by 50 science teachers in the 
high schools of Gary, Ind. A second 



project at Southern Methodist Uni- 
versity is training high school teachers 
and students from Inner city schools 
in Dallas, Tex., in computer program- 
mini; and data processing. The pri- 
mary objectives are to improve the self- 
image of the students In a depressed 
area containing large percentages of 
minorities and to provide them with 
employable skills in computer science. 
A project at Northern Montana Col- 
lege will assist In bringing a coordi- 
nated activity-centered and inquir)'- 
oricnte-'' elementary science curricu- 
lum to schools serving Montana Indi- 
an children. 

A unique project involves a grant 
to the Jericho Public School System, 
Jericho, N.Y., to assist In the Imple- 
mentation of the Science Curriculum 
Improvement Study program in grades 
K-6. The project is among a small 
number of experimental endeavors In 
the program to explore a variety of 
approaches to school system improve- 
ment. The commitment by the school 
system is extraordinarily strong. Every 
teacher In the system will be trained In 
one year, and a viable leadership cadre 
will be developL^d to sustain the pro- 
gram. The amount of Foundation sup- 
port is a small fraction of the normal 
expenditure for such a project. 

College Scie.nce 
Improvement 

In fiscal year 1972, the College 
Science Improvement Program initi- 
ated the development of what may be 
the most innovative institutional mod- 
el yet supported. Worcester Polytech- 
nic Institute is developing an entirely 
new organization cf its undergraduate 
instructional program. The project 
will involve the use of individually 
prescribed instruction in all courses; a 
computerized catalog of individual- 
ized student research projects, includ- 
ing many with the cooperation of 
off-campus agencies; and a new com- 
prehensive evaluation system for the 
certification of students for degrees. 

This project represents a significant 
departure from the usual pattern of ■ 



support signaling a continuing move 
in the program toward phase-out of 
implementation support ami increas- 
ing emphasis on developing nontradl- 
tlon.il patterns of education. Typical 
also of this transition is a project at 
Bakersficld State College to develop a 
model institution for the California 
State College system, based on the 
construction of "learning villages.'' 
Such villages use faculty in new roles 
(primarily as resource persons to en- 
able more meaningful Interaction be- 
tween '^students and teaching") and 
employ modular units of Instruction 
(typically in the audio-tutorial 
format) by the students themselves. 

Another section of the College 
Science Improvement Program was 
initiated to accelerate the development 
of the science capabilities of predom- 
inately undergraduate minority insti- 
tutions. Catch Up and Keep Up is the 
prevailing theme of the Institutional 
developments supported by this section 
of the program. Changes in what Is 
being taught as reflected by local 
curriculum revision, renovation of ex- 
isting facilities, and acquisition of 
instructional equipment are the major 
elements In the plans currently being 
implemented. Fourteen institutions 
have been supported thus far Involving 
both natural science and social science 
departments. 

lustmcfional Scientific 
Eqiiipment 

The Instructional Scientific Equip- 
ment Program encourages implemen- 
tation of course and curriculum 
improvements by providing necessary 
equipment. The program received 1,- 
S29 proposals in fiscal year 1972 in- 
volving requested funds roughly five 
times the amount available for alloca- 
tion. Nevertheless, it continues to 
reach a broad spectrum of institu- 
tions; for many, including a substan- 
tial number of 2-year colleges, this 
experience for a small fraction of the 
program provides the only direct 
of science talent by providing special 
contact with the Foundation. 
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'I'Al.l-NTI-.D STUDENTS 

Althoiij;h today there is no serious 
shortage of scientific manpower };en- 
crally, it is quite possible that a few 
years from now (the period beyond 
which projections of manpower needs' 
nuy be quite inaccurate) the situation 
may be quite different. 'rhroui;h the 
Talented Student Proj;ram, NSF sup- 
ports steps to identify talented science- 
oriented younv; people currently in 
col1ei;e and in hii;h school and moti- 
vate them to .rcm:iin committed to 
careers in science. The program has as 
its primary objective the conservation 
of science talent by providinj; special 
experience for a small fraction of the 
nation's hij;hly talented science-ori- 
ented students. A second objective of 
almost equal importance is that of en- 
courngini; schools and colleges to alter 
their "rci;ulnr*' science programs to in- 
clude more activities that give stu- 
dents an opportunity for choice, that 
lead them into problem-oriented study, 
and that place upon them more re- 
sponsibility for their own learning. 

Student Science Training 

The Student Science Training Pro- 
gram (SSTP) is designed to provide 
academically talented secondary 
school students with educational ex- 
periences in science and mathematics 
beyond those available in high school 
or early college courses. It also brings 
outstanding students into direct con- 
tact with college teachers and research 
scientists of recognized competence. 

Over the past several years, there 
has been a substantial increase in the 
number of proposals received in the 
program, but the support level has 
remained at about $2 million during 
this period, approximately the same 
as in previous years. One hundred and 
twent>'-four proposals were supported 
this year at the funding level of $1.9 
million for 4,300 students. Two gen- 
eral types of projects continue to be 
supported in this program: (1) Special 
Advanced Courses designed to give 
the student n unique experience in 
science and associated laboratory 



work which may include open-ended 
projects or laboratory assignments: and 
(2) Research Participation involving 
the student as a junior associate 
of a research team or as principal 
investigator on a problem of appro- 
priate dirticulty under the direct su- 
pervision of an experienced research 
scientist. 

In 1972, the number of projects 
supported which were designed espe- 
cially for students with limited educa- 
tional opportunities increased from 2S 
percent to 38 percent of the total 
grants. Students in this category have 
demonstrated high potential, but 
come from secondary schools in 
which training is inadequate; these 
students may be located in inner city 
or in isolated rural areas and may 
belong to minority groups as well as 
to other segments of the educationally 
disadvantaged population. While all 
projects receive economically disad- 
vantaged students of high ability, in 
1972 eight were especially designed to 
meet the needs of these students. 

Undergraduate Research 
Participation 

Since 19 S9, the Foundation has 
been instrumental through the Under- 
graduate Research Participation Pro- 
gram in providing valid research ex- 
perience to appr* ximately 63,200 un- 
dergraduate students. In 1972, the 
program introduced some chav^ges to 
broaden student participation; Ph.D.- 
granting departments were required to 
select at least 40 percent of their par- 
ticipants from smaller, neighboring 
institutions. 

The program seeks to implant the 
research participation concept in in- 
stitutions where it is not yet a regular 
part of the curriculum and .to provide 
faculty members with the opportunity 
to exploit the potential for enhancing 
teaching effectiveness by placing ma- 
jor responsibility for learning upon 
the student. In 1 972, grants were 
awarded to 208 institutions to support 
a total of 2,63 S college students 
throughout the country. 
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NSF's direct support of individuals 
through fellowships and trainceships 
which in prior years included young 
postdoctoral, college faculty, and ad- 
vanced scholars, centered on the 
graduate student in 1972. 

For the first time, 3-year awards 
were made in the graduate fellowship 
program. Previously, 2 -year fellow- 
ships were offered to new applicants, 
with the option to apply for one or 
more years of additional support as 
needed. The new awards permit an 
individual, after completing the first 
year of tenure, to utilize the remain- 
ing 2 years over the following 4 
years. Thus, for example, fellows may 
now interrupt their formal ""training 
for meaningful work experiences in 
industry and, on returning to graduate 
school, modify their academic pro- 
grams to accommodate newly discov- 
ered, specific career objectives. 

Of the 1,5 50 graduate fellowships- 
offered in this year's competition, 5 50 
are for 3 years; the remaining 1,000 
awards represent second- and third- 
year fellowships for prior-year 
awardees. 

NSF graduate fellows are selected 
on the basis of ability in national 
competition. Nevertheless, the dis- 
tribution of awards by field of study 
closely parallels applicant interest, 
and this has undergone some shifting 
over the 21 -year history of the pro- 
gram. Most notable is the decreasing 
proportion of awards in the physical 
sciences, principally chemistry and 
physics, accompanied by a significant- 
ly increased share of fellowships fpr 
the social sciences, especially since 
1964 when full coverage of these 
fields was achieved. The phase-out of 
trainceships continued this year. The 
1,808 awards made to 224 universi- 
ties represented only commitments 
from prior years; fiscal year 1973 will 
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mark the final ycir of such commit- 
nicnts. The last new awards were 
made in fiscal year 1970. 



PRESIDENTIAL 
INTERNSHIPS IN 
SCIENCE 7\ND 
ENGINEERING 

The Presidential Ii inship pro- 
gram was developed by the Fourjda- 
cion in September 1971 at the request 
of the Office of Science and Technol- 
ogy. Funds made available ($4 mil- 
lion) from the Department of Labor 
permitted the allocation of S70 in- 
ternships to 81 federally funded R&D 
laboratories. Unemployed scientists or 
engineers holding a master's degree or 
higher and whose qualifications and 
promise were deemed by the recruit- 
ing laboratory to be clearly superior 
were assigned to internship activities 



wiiicii woi'vi facilitate their transition 
to future jobs needed by society. Of 
T'V stipend offered the interns, $7,000 
is furnished by the Foundation and 
the remainder is from matching funds 
supplied by che Iahorator}\ These 
1 -year appointments are nonrenewable. 

A profile of appointments based on 
information from 262 interns in 46 
insi,i!!ations shows tliat SO percent 
of the interns hold a doctorate; 93 
percent are malej 18 percent are 
veterans; and 66 percent were unem- 
ployed at the time of their appoint- 
ments and the remainder were un- 
deremployed, temporarily employed, 
or students. 

SCIENCE RESOURCES 
AND 
POLICY STUDIES 

The overall objective of the 
Foundation's programs in science 



resources and policy studios is the 
development of the factual and an- 
alytical basis for national planning 
and polic)' fornuiiation in the aro.i of 
science and tec li nolo E;y R^oprccs. The 
progr.im cncomp.isses the two closely 
related .ictivities of analysis and dat.i 
collection related to science nnd tech- 
nology issues. The information de- 
veloped through these studies is used 
in arriving at decisions concerning the 
NSF and national science cfl'orts. Staff 
studies and anai)'scs are supplemented 
wltii a progr.ini of gr.ints and con- 
tracts conducted mainly with univer- 
sities, other nonprofit org.inizations, 
and other Government agencies. 

SCiriNCl- RHSOURCES 
STUDIES 

Science resources studies of general 
interest appear as NSF publications 
available a": the Foundation or 
tiirougii the Government Printing 
Ofnce. Appendix E lists those released 
in fiscal year 1972. The completed 
and ongoing studies described in the 
following section provide a brief sam- 
pling of tile suiJy activities conducted 
in this program. 

Manpower 

Maulwxi'cr _ Cbaracterhfics System. 
The development of an alternative 
system to tlie National Register of 
Scientific and Technical Personnel 
was undcrt.ikcn during the year in 
order that necessary information on 
the nation's science manpower would 
continue to be available. After con- 
sideration of a number of alterna- 
tives, in terms of coverage of popula- 
tion, capability to supply needed data, 
feasibility of development, and pos- 
sible costs, the Manpower Character- 
istics System was ciiosen. This system 
will provide information which is rep- 
resentative of a defined population, 
will produce the* esseniial data ele- 
ments required by policy-makers, and 
is estimated to entail costs which are 
less than its predecessor. 
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The ManpowL ' ristics Sys- 

tem includes three . . ■ y^' subsystems: 
a Comprehensive Doctorate Roster, 
based on existing National Academy 
of Sciences efforts; periodic surveys of 
an augmented sample of scientists and 
engineers, .similar to the sample used 
for the 197j Postcensal Survey; ind a 
series of surveys of nondoctorate en- 
trants to science and engineering. This 
last subsystem will be based on sam- 
ples drawn from existing cohorts of 
college students now maintained by 
the American Council on Educa- 
tion. 

Pos/ccfisal Mafi power Suricy. Late 
in fiscal year 1972, the Census Bu- 
reau, under NSF sponsorship, con- 
ducted a survey of a representative 
sample of 100,000 persons classified 
in the 1970 census as being in scien- 
tific, engineering, and technical occu- 
pations, or as having a college educa- 
tion. This project provided a once-in- 
ten-years opportunity to obtain na- 
tional benchmark data for scientific 
and technical personnel by functional 
activities, types of employment, sal- 
aries, formal education, supplemen- 
tary training, mobility, and their in- 
terrelationships, for a large sample. 

Research, Developnienf, 
and Academic Science 

Federal R&D Viindhig. The Foun- 
dation report Nafioml at terns of 
R&D Resources, 1953-72 estimated 
total U.S. expenditures for research 
and development in 1972 at $28 bil- 
lion. This report also indicates that 
the number of scientists and engineers 
engaged in research and de^/elopment 
declined in 1971 to 519,000 ' om the 
peak employment level of 559,000 in 
1969. Most of th:- • reduction 

occurred in indrr^ty > a result of 
lower CTOvernmeii! .-r? in the 

Sj.'.'cc .mt! national ';kicnse areas, al- 
thcugli miscellaneous ;;onp«"ofit insti- 
tutions and Government staff were 
also lower. 

A more detailed report on Federal 
financing of research and develop- 
ment, which accounts for approx- 
imately 5 5 percent of to,:al research 
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and devclopinent, appears in the NSF 
report Federal Funds for Research, 
Dei'elopwcfit, and Other Scientific 
Activities, Volume XX. Federal R&D 
funding now is turning upward, after 
a period of decline that began in 
1968. 

Academic Research Price Index. 
The increasing cost of academic re- 
search is of major concern to both 
the universities performing research 
and the sponsors of such research, 
notably tlie Federal agencies. In the 
absence of price indexes directly ap- 
plicable to academic research and de- 
velopment, administrators must de- 
pend upon more general indicators 
such as indexes of wholesale prices, 
consumer prices, GNP deflators, or 
professional salaries to estimate the 
extent of inflation in academic research 
expenditures. A staff study has S' ight 
to improve such ef /imates by develop- 
ing an experimental price index of 
costs associated with such expenditures. 
The index so developed shows a con- 



siderably sharper rise in acidemic re- 
search costs than that estimated from 
the more conventional indexes. 

Higher Education Panel. A new- 
system was established to obtain rap- 
idly, from a sample of universities 
and colleges, information needed for 
policy and planning purposes. NSF, 
with the co-sponsorshlp of the Na- 
tional Institutes of Health and the 
Oflice of Education, contracted with 
, the American Council on Education 
to operate a fast response system 
known as the Higher Education..! 
Panel (HEP) . Among the surveys 
completed during the year were the 
following: 

• Changes in Grad ua te P rog ra ms. 
A panel of institutions granting 
advanced degrees reported on the 
addition or elimination of gradu- 
ate programs since 1970 and 
further modifications planned 
throu<»h 1974. Only ahoiit half 
as many new doctoral and mas- 
ter's J.egree programs in science 



and engineering are planned for 
ilie 1972-74 period as were added 
in 1970-72. 

• /'/(•/(/ RfiroUvicnt of Juttior- 
Year Stmlnita (1970-71 and 
\97\'72). During January 1972, 
sample institutions- were re- 
quested to report junior-year en- 
rollments for fall 1970 and fall 
1971 in certain designated fields. 
This information provides pre- 
liminary indications of career 
choice at the bachelor level. Sur- 
vey findings indicat : that engi- 
neering and the physical sciences 
generally suffered declines in 
junior-year majors, while the life 
and social sciences experienced 
increases between 1970 and 
1971. 

Graduate Student Enrolhuents. A 
timely report on graduate student en- 
rollment in doctorate-granting institu- 
tions reported that first-year, full-time 
graduate science enrollment decreased 
5 percent between 1970 and 1971 
after declining 2 percent the previous 



year. Other major findings of the re- 
port included: 

• The "top 20" graduate institu- 
tions experienced reductions in 
first-year, full-time enrollment at 
an above average rate — 8 per- 
cent. 

• Virtually all areas of science 
experienced reductions in enroll- 
ment, 

• The number of full-time gradu- 
ate students supported primarily 
by fellowships and traineeships 
declined nearly 10 percent from 
1970 to 1971. 

• The proportion of full-time 
graduate students receiving their 
primary support from the Feder- 
al Government declined from 37 
percent in 1969 to 3 2 percent in 
1971. 

Industry 

Basic Research in Industry. Late in 
the fiscal year, an intensive interview 
survey of industrial research officials 
was conducted in about SO major 



R&D performing companies to identi- 
fy the factors responsible for current 
changes in the nature and level of 
industrial research. 

Small Business R-JD Conference, 
In June 1972, the National Science 
Foundation joined with the Dep,irt- 
ment of Commerce and the Small 
Business Administration to sponsor a 
national conference aimed at explor- 
ing the problems of the small R&D 
firm. Over 300 representatives of 
small business firms, universities, and 
Government met for 3 days to discuss 
such topics as Government Markets, 
Selling Research and Development to 
the Federal Government, Managing 
Financial Growth, and New Opportu- 
nities for the Small R&D Firm. The 
conference recommendations to im- 
prove the position of the small R&D 
firm nre now being assessed. 

Economics of Research and Dr- 
iclopment. Following the April 1971 
symposium on the relationship of re- 
search anrl development to the econo- 
my, -several studies seeking to clarify 
further these relationships have been 
funded. Among the studies now in 
process is a university-conducted 
series dealing with R&D relationships 
to innovation, marketing, and produc- 
tivity in the service industries. A Con- 
ference Board study of the extent to 
which multinational U.S. companies 
conduct research and development 
abroad and related implications f.^r 
this country will be completed in 
1973. The National Bureau of 
Economic Research is investigating 
and attempting to develop measures 
of the relative economic returns at- 
tributable to* private investment in re- 
search and development, to advertis- 
ing, and to plant expansion. At the 
National Planning Association, re- 
searchers will examine some conven- 
tional production indexes to deter- 
mine feasibility of adjusting them in 
order to take qualitative factors into 
account. The adjusted indexes, when 
related to R&D expenditures, may 
provide further insight into produc- 
tivity tr ^ids. 
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scn.xci: policy 

STUDIKS 

Activities of 
COSPUP-COPEP 

The Foundation has continued sup- 
port of the Committee on Science 
and Public Policy (COSPUP) of the 
National Academy of Sciences in 
their program to develop priorities 
for scientific research. Two major 
reports have been completed and 
published this year: Asironoviy and 
Astrophysics for the 1970'Sy which ex- 
amines the status of astronomy and 
develops priorities for research in both 
earth-based and space-based astron- 
omy, and Physics iu Perspective, The 
summary volume of this latter report 
contains recommendations for pohcy 
and proi;rani emphasis by both the 
scientific community and the sponsors 
of physics and describes a methodology 
for assii^ning priorities among various 
subfields and major programs in 
physics. 

The Committee on Public Engi- 
neering Policy (COPEP) of the Na- 
tional Academy of Engineering evalu- 
ates current and foreseeable develop- 
ments in the field of engineering and 
determines their relevance to the 
needs of society, as well as providing 
advice to the Foundation on policy 
matters to ser-. e as a guide for estab- 
lishing program priorities. During the 
past year, the Committee has devoted 
its cflorts to four important areas: 
environmental impact statements, 
multidisciplinary problem-oriented re- 
search, environmental quahty stand- 
ards, and technological goals. 

Committee on Radio 
Frequencies 

The Foundation has also provided 
Mipport to the Committee on Radio 
Frequencies of the National Academy 
of Sciences. This committee, which 
maintains close contact with the In- 
rer-Union Commission on Frequency 



Allocations for Radio Astronomy and 
Space Science (lUCAF), has proven 
significant in providing advice for 
poHcics for the assignment of radio 
frequencies and in assisting in planning 
for the use of the radio frequency 
spectrum. 

Other Planning 
Activities 

Support was provic^.^^ for a research 
team at MIT iij condu< • a study of 
possible poHcy al. ^jjatives for 
science. A major result has been the 
development of a manpower model 
for cngj^v^rrs .tnd physicists. This 
model has successfully fitted historic 
m.anpower curves and is capable of 
being used for predictive purposes. 

As part of a Government- wide pro- 
gram to identify new technological 
opportunities, the Foundation sup- 
ported activities examining the proc- 
ess of innovation and looking for 
specific problem areas or technologies 
that were ready for exploitation. 



Evaluation Activities 

The National Academy of Sciences 
assisted the NSF with a survey and 
evaluation of the nature and urgency 
of needs for equipment, instrumenta- 
tion, and facilities in ten science and 
engineering disciph'ncs. The evaluation 
showed clearly that there is a pressing 
need for equipment in the $10,000 to 
$300,000 price range in university 
science and engineering research ccn^ 
tcrs, equipment which, with few ex- 
ceptions, would improve the quality 
and increase the output of research 
programs in these institutions without 
requiring additional manpower. Im- 
portantly, the needed equipment 
would frequently make possible the 
exploration of new and promising 
lines of research otherwise virtually 
impossible. 

Other evaluation activities under 
way in fiscal year 1972 include a 



system dynamics study of the doctor- 
ate manpower market, to determine 
the impacts of alternative policies on 
the future balance between supply 
and demand of doctoral scientists; 
and development of a computerized 
budget model which allocates NSF 
funds for any specified or proposed 
budget to a given Slate, region, or 
institution, and to scientific disci- 
plines. Other studies included develop- 
ment of a methodology for the use of 
cit.'xtion and publication counts as 
measures of research productivity and 
a study of implications of social and 
technical developments on the supply 
of and demand for R&D technolo- 
gists. In addition, an evaluation of the 
terminated Science Development Pro- 
gram has been initiated to ascertain 
whether and to what extent the pro- 
gram accomplished its objectives and 
how effectively it aided the recipient 
institutions. 



UXIVHRSITY SCll-.XCl- 
PLANiNlNG A,\n POLICY 

The Science Policy Research Section 
of che Division of Social Sciences 
has some 21 currently active grants 
whose objectives are to support the 
field of science policy research and to 
develop a core capability in the 
United States for science policy studies 
and training. 

One such research effort is the Uni- 
versity of Illinois project on the So- 
cial Implications of Science and Tech- 
nology. It is a computer program for 
analyzing population problems and al- 
ternatives. The system, developed by 
Paul Handler of the University of 
Illinois, is usable for instruction in 
demography as well as for policy anal- 
ysis and public education in that it 
enables a person, through a keyboard 
similar to that of a typewriter, to type 
out assumptions about demographic 
variables for a broad range of coun- 
tries and time periods and then to 



observe the effects ' these assump- 
tions, as portrayed on n display screen 
throuj^h graphs, tables, population 
.growth cuf ves, and ai;c pyramids. 

The system can be operated via 
lonj; distance telephone, which links 
the keyboard and screen to the com- 
puter program at the University of 
Illinois, and has been demonsirated in 
Washing;; ton, D.C., to various groups, 

W^ith assistance from the Ai;ency 
for International Development, Pro- 
fessor Handler is currently using the 
system to train groups of population 
officials from less developed nations 
concerning the dynamics of popula- 
tion for their respective countries. 
Each official is thereby enabled to 
e.xperiment with and ro perceive the 
effects of changing the value of vari- 
ous demographic variables for his 
own country. Additional variables and 
information of use to policy-makers 
arc being added to the system, for 
example, data on the labor force, mi- 
gration, and a demand for energy 
based n a per capita consumption 
schedule. 

As the result of the addition of new 
data, the computer program will be- 
come even more useful in that it will 
enable policy-makers to analyze the 
effects of alternative rates of popula- 
tion growth for a whole range of 
problem areas such as the environ- 
ment and the demand for resources 
and services. 



PUBLIC 
UNDlvRSTANDING OF 
SCIENCE 

Science and technology continue to 
be essential to our standard of living 
and quality of life but are often 
v^e^^ed by the nonscientist as remote 
from the gciierai public's comprehen- 
sion and control. Better public under- 
standing of the potential and limita- 
tions of science and technology is 



particularly critical at present, as deci- 
sions on those many issues which are 
profoundly influenced by science and 
technology — the environment, ener- 
gy, population, etc. — must ultim.ati - 
ly be made by citizens themselves 
through the democratic process. The 
importance of this was stressed by the 
President in his 1972 Message on 
Science and Technology when he 
sai(': **As our national life is incre;:s- 
ingly permeated by science and tech- 
nology, it is important that public un- 
derstanding grow apace." The Na- 
tional Science Board, in its annual 
report to Congress in 1972, also 
made a major recommendation that 
the National Science Foundation un- 
dertake efforts to enhance public 
understanding of technology and how 
it differs from science. 

The Public Understanding of 
Science Program seeks to encourage 
meaningful communication between 
scientists and engineers and the public 
on the role and substance of science 
and technology. This involves com- 
municating the **facts" of science and 
an understanding of the relationships 
of science to the society we live in 
and the use of science and technology 
in meeting current and emerging soci- 
etal problems. 

In fiscal year 1972, the Foundation 
made 20 awards amounting to 
$794,000 for public understanding of 
science projects. These included 
books, films, and seminars on science 
for nonscientists, support for youth- 
oriented activities muA community and 
regionally based programs. Productive 
working relationships were also estab- 
lished during this period with other 
groups and organizations interested in 
furthering public understanding of 
science including private foundations 
and professional scientific and techni- 
cal bocieties. 

Specific projects supported included 
•funding of two television films pro- 
duced by the American Institute of 
Physics — one film on stellar evolu- 



tion and the other on the relationships 
of physics to the biosciences. Both of 
these films will be shown over the 
public television stations. .Another film 
project receiving support is the Bat- 
tcllc Memorial Institute's production 
of a 1-hour program on the "State of 
Science in the Seventies.'' Tliis pro- 
gram is scheduled to be shown jver 
television during the 1972-73 sejson. 
An award was made to Rockefeller 
University tor the preparation of a 
book for lay readers on the relation- 
ships between basic research and soci- 
etal needs. Distinguished scientists 
will write sections of the book dealing 
with their own areas of expertise. 

In addition to support provided in- 
dividual projects such as books, films, 
and exhibits, the program also pro- 
vided support to several multipurpose 
programs in public understanding of 
science at national, regional, and 
community levels. The American As- 
sociation for the Advancement of 
Science received support for a num- 
ber of specific science activities in- 
cluding fiims and television progranu, 
special publications on scientific and 
technical topics, seminars for public 
and civic leaders on scientific issues 
and science information services for 
the media. In what may become a 
prototype of a new regional-type ac- 
tivity, the School of Journalism at the 
University of Missouri, Columbia, is 
conducting a planning study .^an Vieeds 
and opportunities in the Midwest for 
a [public understanding of science pro- 
gram. The school will also conduct a 
series of seminars on science and 
.scientific issues for newspaper editors 
in the region. In California, Sonoma 
State College has introduced a pilot 
program designed to bring to the pub- 
lic in that region a new awareness of 
the contributions of science to the 
solution of r^egional and local environ- 
mental problems. "Town Hall" ses- 
sions are planned between scientists 
and civic leaders, and a series of video- 
tapes will be produced and shown by 
local Me television stations to fur- 
ther 11, :rate various environmental 
concerns facing the region. 



In fiscal year 1972, the Foundation 
made the final awards under the 
former program of University Science 
Development and continued, on a re- 
duced scale, its program of Institu- 
tional Grants for Science. The admin- 
istration of tyrants made through these 
two programs was transferred during 
the yc;.T to the Foundation's Grants 
and Contracts Office. 

UNIVI-RSITY 
SCll-NCF 
Dl-VILOPMI-NT 

The President's Science Advisory 
Committee in 1960 issued a state- 
ment (the Seaborg report) urging 
Federal action to increase the number 
of excellent university centers of 
science. The committee hoped that 
instead of the "fifteen or twenty 
[centers of e.xcellence] today, there 
will be thirty or forty in another 
fifteen years.*' Since 1964, the Foun- 
dation has sought to help reach that 
goal. In fiscal year 1972, the final 
grants were made under the Uni- 
versity Science Development (USD) 
Program. In a'!, 31 universities have 
received USD awards, and the prog- 
ress they have shown gives reason to 
believe that the hope expressed in the 
Seaborg report may become actual- 
ity. 

Of the universities that liad earlier 
obtained USD support for the first 
Stage of their science improvement 
pbns, nine had not had an opportuni- 
ty to apply for supplemental awards 
when the program was suspended in 
fiscal year 1971. Ir. Janu-ry 1972, 
however, the Office of Management 
and Budget released funds specifically 
for supplemental USD awards to 
those eligible instirutions whose prog- 
ress under the initial grants merited 
further assistance. 

The following universities received 
supplemental USD grants for 2 years 
of further improveinent: Carnegie- 
Mellon, Duke, Florida State, Indiana, 
Michigan State, New York, Pitts- 
burgh, Purdue, and Vanderbilt. The 
grants, which ♦iotaled $9 million. 



ranged from S300.0UO to S 1,61)0.000. 
In all instances, the awards were for 
continuing and consolidating the g.iins 
made under the initial gr.ints. The 
universities themselves have con- 
tributed substantially to the improve- 
ment programs aided by the Founda- 
tion; therefore, the nine supplemental 
awards were designed to assist the 
universities to phase into their own 
budgets the increased costs incurred 
during the development process. 

Throu^p^ che USD program .ind the 
related Departmental Science De- 
velopment Program, which was also 
terminated in fiscal year 1971, the 
I-oundation has granted $230 million 
to 102 *3niversities in achieving higli':r 
levels of quality in education and re- 
se.irch in 260 departments or areas of 
science and engineering. The Founda- 
tion believes that this investment will 
nor only ensure a strong academic 
base for the continued advancement 
of science but will also provide a 
much V der national distribution cf 
the opp rtunities and benefits emana- 
ting from good universities. 

INSTITUTIONAL 
GRANTS FOR 
.SCll.NCI- 

Institutional Grants for Science 
provide general support for scicn.:e 
annually to about one-fourth of the 
nation's colleges and universities. 
Each grant is computed by applying a 
graduated arithmetical formula to the 
amoi;nt of an institution's Federal re- 
search support during the preceding 
year. 

In fiscal year 1972, the Foundation 
made 62 8 institutional grants totaling 
$12 million. Each of the SO States, 
the District of Columbia, Puerto 
Rico, Guam, and the A^irgin Islands 
had one or more institutions receiving 
grants, all but one of which were 
under $100,000. The average grant 
was $19,10C — about $3,000 less than 
in fiscal year 1971, and only a 
little ovei half the average of 6 years 
before. Since the program began in 
fiscal year 1961; over 1,000 colleges 
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and universities have received institu- 
lional grants amounting to $120.4 
million. 

Three-fourths of the fiscal year 
1972 institutional grant funds were 
awarded to universities granting doc- 
tor's degrees, about one-sixth to mas- 
ter's grantors, and about one-tenth to 
colleges of/ering only undergraduate 
programs. The accompanying figure 
shows, for the entire span of the pro- 
gram from 1961 through 1972, the 
number of participating institutions in 
each of these three groups and each 
group's share of the total amount of 
institutional gratr dollars. 

Institutional (jiHcials decide how 
the grant funds are to be spent. The 
methods of determining priorities 
with respect to the use of institutional 
grant funds vary considerably among 
the participating colleges and univer- 
sities. There an increasing tenden- 
cy, hi '-r, to vest control of the 
fund^ pecial committees whose 

primal} purpose is to set institutional 
guidelines and criteria for allocating 
the funds. 

Table 1 1 shows how^ the recipients 
of institutional grants have used the 
funds since the beginning of the pro- 
gran* through fiscal year 1971. 



Equipment and supplies (including 
scientific books and periodicals) ac- 
count for half the expenditures — 
consider.ibly more than half for insti- 
tutions offering only undergraduate 
programs. Salaries . .id stipends rep- 
resent nearly 30 percent of the expen- 
ditures; doctoral-level institutions. 



manv of which have especially used 
the grants to encourage their younger 
faculty members to initiate research 
projects, spend a larger proportion of 
their funds for ficulty salaries than 
do undergraduate colleges. Mv^st of 
the facilities expenditures are for 
renovation of science laboratories or 



INSTITUTIONAL GRANT AWARDS 
FOR FISCAL yiARS 1961-1972 



Percent of total 
100 ■ 



75 



50 - 



25 



Number ot Institutions 
Millions of Dollars 



42°o 




33% 




BACHELOR'S MASTER'S DOCTORS 

Highest Degree Offered 





80% 






$96.8 




25% 




; 


258 
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A. Type of use; 



Equipment and supplies 



General 
Libraries 



Facilities 



Gencal .. 
computers 



Personnel 



Faculty salaries 

Graduate assistants 

Other student stipends 
Visiting lecturers 
Technicians' salaries .... 
Other 



Travel ... . 
All Other 



Total 



Table 11 
Uses of Institutional Grant Funds 
Fiscal Years 1962*71 

(Millions of Dollars) 





rercent 


Amount 


of total 


spent 1 


expenditures 


$47.2 


50.8 


43.4 


46.2 


3.8 


4.0 


IF. 2 


16.2 


10.4 


11.1 


4.8 


5.1 


27.C 


28.8 


12.7 


13.5 


5.4 


5.7 


2.6 


2.8 


1.4 


1.5 


2.5 


2.7 


2.4 


2.6 


2.3 


2.4 


2.3 




$94.0 


100.0 



B. Field of science: 



Amount 
spent ^ 



Physical sciences 



$32,1 



Astronomy 
Chemistry 
Physics ... 
Other 



Mathematical sciences 
Environmental sciences 

Atmospheric science 

Earth sciences 

Oceanography 



Engineering 

Life sciences 

Psychology 

Social sciences ... 

All Other (Inter- ajid multldisclpllnary) 

Total 



» From awards made fiscal years 1961-69. Total amount of awards, $93.9 million; total expenditures fiscal years 1962-70, $82,0 million. 



Percent 
of total 
expenditures 



34.1 



1.3 


1.4 


16.5 


17.5 


13.0 


13.8 


1.3 


1.4 


4.8 


.i 


7.8 


8.3 


.9 


1.0 


5.4 . 


5.7 


1.5 


1.6 




11.9 


12.7 


20.1 


21.3 


4.0 


4.3 


6.2 


6.6 


7.1 


7.6 


$94.0 


100.0 



for rolitivcly inexpensive new con- 
st rucis in. The physical sciences have 
received about one-third of the funds,, 
.ind the hfe sciences about onc-nfth./ 
Percentai;e allocations to social 
sciences and psychology tend to be 
hit^her in universities than in colleges 
vvhere instructional equipment for 
natural science laboratories had the 
hii;hest priority. 

Institutional administrators value 
the grants highly because the funds 
are discretionary^ flexible, and imme- 
diately available. By shifting decision- 
making to the campus, the grants 
provide a means of building up or 
restoring institutional loyalty among 
faculty members. They also enable 
institutions to fill gaps and respond to 
opportunities, which may not require 
large amounts of money but for 
which only the institutional grant may 
be at hand. During a time of shrink- 
ing revenues for colleges and universi- 
ties, institutional grants have fur- 
nished a small but important resource 
for sustaining academic science. 



National Science Board, NSF 
Staff y AJi'isory Com wit tees 
and Panels 

National Science Board 

] Terms r.xpiri' May JO, 7^74 

I R. M. Btng, Rudolph E. Lan.qcr Prolcssor of 

j Mj;"hcmatics, University of \C*i5C0nsin, MaJi- 

t i(m. "NX'is. 

1 

I Harviiy Hrooks. Gordon McKay Professor of 
i Applied Physics and OcJn of Fncinccring 
I and Applied Physics. I larvard University, 
! Cambrid.i;c. Mass. 

j >X*ir I lAM A. I-o^'i I R. Institute Professor of 
; Physics, Cahtc.rnia Institute of Technolo.Ry, 
! PjsjJcna. Calif. 

j Norman- Hackirman, President. William 
i MarsI) Rice University, Houston, Tlx. 
i Piiii.iP HANDi.m, President, National Acad- 
emy of Scienci's, ^C'asliinpton. D.C. 
■ Jamts G. \lATt(i!, David jacks Professor of 
j in>;her Kuiication, Political Science, and 
j SocioI'iRy, Schm)l of liducation, Stanford 
University, Stanford. Calif. 
Grovtr I-. Murray, President, Texis Tech 

University, Lubbock, Tex. 
Fredirick E. Smith. Professor of Advanced 
Environmental Studies in Resources and 
tcoiopy, GrAt^yaic School of Design, Mar- 
vard Universuyi Cambrid.i;e, Mass. 

Terms Expire May 10, 1976 

*H. n. Carter (Chairman, National Science 
Board), Coordinator of Interdisciplinary 
Programs, University of Arizona, Tucson, 
Ariz. 

RoP.vRT A. CuARPiE, President, Cabot Corp., 

Boston, Mass. 
Lt.ovD M. Cooke, Director of Urban Affairs, 

Union Carbide Corp., New York, N.V. 
*RonERT H. DiCKE, Cyrus FoRg Bracketi 

Professor of Physics, Department of Physics, 

Princeton University, Princeton, NJ, 
David M. Gates, Professor of Botany and 

Director, Biological Station, Department of 

Botany, University of Michigan, Ann Arbor, 

Mich. 

♦Roger Me . ■ 'Vicn Chairman, National 
Science Board), V. '^.Jent, American Council 
on Fducation, >X'a ^ ..gton, D.C. 

Frank Press, Chairman, Department of Earth 
and Planetary Sciences, Massachusetts Insti- 
tute of Technology, Cambridge, Mass. 

•^F. P, TiiiEME, President, Univcrdty of Colo- 
rado, Boulder, Colo. 

Terms Expire May 10 ^ 1978 

V. Glenn Campbeli., Director, Hoover In- 
stitute on War, Revolution, and Peace, 
Stanford University, Stanford, Calif. 

T, Marshall Hahn, Jr., President. Virginia 
Polytechnic Institute and State University, 
BUcksburg, Va. 

Anna J. Harrison, Professor of Chemistry, 
Mount Molyokc College, South Hadley, Mass. 



HvBiR^ Mrii NiR. Chairman, ncfartmcnt of 
.\pplud Physic^, Stanford University. S;an- 
ford. Calif. 

Viiiiwi M. MrrKiiNC. Dean, The GraJuatc 
Sclioul i>l Manacement. The Univtrsit> of 
Kn.■^c^^er. Rochester. N-Y. 

NX'iiiMM A. NitMNBiRG, Olrccror, Scripps 
Institution of Oceanography, L'nivrrslty of 
California. San Dieco, Calif. 

Rvssrii D. O'XiAL. President, Acro^pacc- 
Klcctronics Group. The Hendix Corp.. South- 
field. Mich. 

Josi pH M. RrvNoiDs, Boyd Professor of 
Physics and Vice President for Instruction 
and Research, Louisiana State University, 
Baton Rouge, La. 

Memhr I'x OfUcin 

*H. GvvroRn Sti ver. Director, National Sci- 
ence Foundation, \C'ashington. D C. (Chair- 
man, Txccutivc Committee) 
« |^ * 

VrRNiCE Andersun, F.xccutive Secretary, Na- 
tional Science Board, National Science Foun- 
dation, >X'ashington, D.C. 

• Member. Executive Committee. 

National Science 
Foundation Staff 

OFFICE OF THE DIRECTOR 

Direc/or, IL Guyford Stcvcr 
Dfputy Din if or, Raymond L. Bisplinghoff 
Special Assiifanf, Law ton M. Hartman III 
Sprcijl Assistant^ >X'iIIiam V. Consolazio 
iV.Sf }iiUori,-u, j. Morton England 
Special Assistant, DonaLl E. Cunningham 
Special Assistant, Ch.irlfs Maechling, Jr. 

RESEARCH 

Assistant Director^ Edward C. Crcutz 
Deputy Assistant Director, Edward P. Todd 
Executive Assistant to the Deputy y Jerome H. 
Fregcau 

Senior Staff Associate, Enoch L. Dillon 
Senior Staff Associate. >X''aync R. Gruncr 
Senior Staff Associate, Joshua M. Lcisc 
Special Assistant, Leonard F, Gardner 

Division of Environmental 
Sciences 

Division Director, A. P, Crary 

Atmospheric Sciences Section 
Ili-aJ, Fred D. VC'hite 
Aeronomy Program 

Vro^rani Director, Richard I. Schocn 
M. 'i-OROEOGY Program 

Pro.f^rani Director, Henry F. Eden 
NSF Global Atmospheric 
KesI'Arcii Program 

Profiiani Director, Eugene W. Bierly 
Solar Terrestrial Research Program 

Prof>rani Dircc/or, Jaiv.es R. Bare us 
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In ri:Ki)i:pARTMr.NTAi. Com mitt ni: 
I OR AT>tu5Pin:Ric Snr.Nr.Ks 

lixvcuiit e Secretary, MukIi ^X^ Albcrs 
National Ciintkr for 
ATMOsi'jir.Rir; Kr.sr.ARCii 

Scientific C.ourtlimitor, Don I.. Uoycr 
Kartii ScruNciis Si.c.tion 
William I:. Ik- n son 
GiUK.i ri.MisTRY Program 

Proi^rum Director, Bevan M, French 
Gi.oi.OGY Trocram 

Pr(\tiram Director, Richard G. Rny 
Gr.oPli Ysics Pro CRAM 

l\ro}^r»tm Director, Roy P.. I lairon. Jr. 

OCI-ANOGRAPIIY Sr.CTION 

Head, James H. Carpenter 

PllYSlCAl, OCEAN-OGUAPIIY PROGRAM 

Prttf^ram Director, LauruMKi" M, l.arscn 
liioLOGicAL Oceanography Program 

Pr(\{^nttit Director, Mdward J. Kulmi/Kt 
SuumaRini: Gnoi.oGY and 
Gkopiiysk s Program 

Proi^rttm Director, Robert \L Wall 

Division of Biological and 
Medical Sciences 

Dix'iiiou Director, Harve J. Carlson 
/>/j/(/v Ditisiott Director, John W. Mehl 
Pliittttiitfi Officer, William J. Riemcr 

Cellular Biology Suction 
Head, Herman W. Lewis 
Dhvi-lopmi-ntal Biology Program 

Program Director, Richard W. Sicgcl 
Gi:nltic Biology Program 

Actiftj^ Program Directory Herman W. Lewis 
Ecology and Systlmatic Biology Section 
Haul, Walter H. Hodge 
Kcosystkm Analysis Program 

Progrant Director, John M. Neuhold 
General Ecology Program 

Pto^rttni Director, John L. Brooks 
Systematic Biology Program 

Program Director^ Dciiovan S. Correll 
Molecular Biology Section 
Head, Eloise E. Clark 
Biochemistry Program 

Program Director, Stuart W. Tanenbaum 
Biophysics Program 

Acting Program Director, Eloise E. Clark 
Physiological Processes Section 
Head, David B. Tyler 
Regulatory Biology Program 

Acting Program Director, David B. Tyler 
MiiTAUOLic Biology Program 

Program D/rrtVor, Elijah B. Romanoff 

PSYCHOBIOLOGV PROGRAM 

Program Director, Henry S. Odbert 

NeuRObioLOGY Program 
Program Director, James H. Brown 

Division of Engineering 

Division Diiec/or, Frederick H. Abernaihy 
Q ~ei>i(/y Division Director, Israel Warshaw 
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I'nginllrint, Cuhmistry Program 
Program Director, Robert V. Jelinek 

1! NGINIiERLNG l^NIiRGRTICS PflOfiRAM 

Acting Program Director, Royal E. Rosten- 
b.icS 

r.NGiNi.r.RiNG NlrxMANirs Program 
Program Director, Michael P, Gaus 

lisT.iNLrRiNc; Systi-ms Program 
Pro,"ram Director, Gilbert B. Devcy 

SpnciAL Programs 

Program Director, Morris S. Ojalvo 

Division of Social Sciences 

Division Director, Howard H. Mines 
S/i(t;V/ Assistant, Bertha W. Rubinstein 
Anthropology Program 

Program Director, John B. Cornell 
lic.oNOMics Program 

Program Director, James H. Blackman 
Gr.oGRAPHY Program 

Acting Program Director, Howard li. Hlnes 
Sociology Program 

Program Director, James C. Kimberly 
Social Psychology Program 

Program Director, Roland W. Radloff 
History A>fD Philosophy of Science 
Program 

Slh'cial Onnnltanty Dudley Shapere 
Law and Social' Sciencf Program 

Program Director, Frederick W. Huszagh 
Political Science Program 

Program Director, Allen M. Shinn 
Special Projects Program 

Program Director, Murray Aborn 

Science Policy Research Section 
Head, Sidney Passman 

Division of Mathematical and 
Physical Sciences 

Division Director, William E. Wright 
E.\ec)ifive Assistant, Andrew W. Swago 
Astronomy Section 

Head, Robert Fleischer 
National Astronomy Observations 
Acting Scientific Coordinator, Michael M. 
Davis 

Solar System Astronomy Program 

Program Director, Robert H. Lane 
Astronomical Instrumentation and 
Development Program 

Acting Program Director, Robert Fleischer 
Stars and Stellar Evolution Program 

Program Director, Raymond E. White 
Stellar Systems and Motions Program 

Program Dinctor, Harold bir Lane 
Galactic ani> Extragalactic 
Astronomy Program 

Program Director, James P. Wright 
Chemistry Section 
Head, M. Kent Wilson 
Chemical Dynamics Program 

Program Director, Donald A. Spter 
Chemical Instrumentation and 
Analysis Program 

Program Director^ Richard S. Nicholson 



Cni NUcAL Thlrmodynamics Program 

Program Director. Thomas >Ji'. DcWitt 
Quantum ChlmistRY Program 

Program Director, William U. Cranu-r 
Struc tural Chemistry Program 

Program Director, O. William Adams 
SysnTmltic Inorganic and Organometai.lic 
CiiiiMisTRY Program 

Program Dimtor, Orvn E. Williams 
CiiLMicAL Analysis Program 

Program Director. Royce W. Murray 
Synthutic Organic and Natural 
Products Culmistry Program 

Program Direi tor, John S. Showell 
Mathematical Sc.iencls Section 
Head, William H. Pell 
AiGEiiRA Program 

Acting program Director, Alvin I. Thaler 
Cr-AssicAi. Analysis and Gr.oMr.TRY Program 

Program Director, John V. Ryflf 
Modern Analysis and Puohahility Program 

Program Director, ^^"illiam G. Rosen 
Topology and Foundations Program 

Program Director, Ralph M. Krause 
Ai'PLiED Mathematics and 
Statistics Program 

Program Director, Barnett Agins 
Physics Section 
Head, Marcel Bardon 
Atomic, Molecular, and Plasma 
Physics Program 

Program Director, Rolf M. Sinclair 
I!lementary Particle Physics Program 

Program Director, Alexander Abash ian 
Nuclear Physics Program 

Program Director, William S. Rodney 
TiiroRETicAL Physics Program 

Program Director, Harold S. Zapolsky 

Division of Materials 
Research 

Division Director, Harold W- Paxton 
Def^nty Division Director, Howard W. Etzel 
Engineering Materia ls Pr ogr a m 

Progtam Director, Robert J. Reynik 
Solid State Chemistry and 
Polymer Science Program 

Program Director, Joseph I. Budnick 
Materials Research Lahoratorv Suction 
Head, Roni?n J. Wasilewski 

RESEARCH APPLICATIONS 

Assistant Director, Alfred J. Eggers, Jr. 
Defiuty Assistant Director for Research 

Af)f)lications, Sidney Sternberg 
Defyuty Assistant Director for Science and 

Technology, Joel A. Snow 

Office of Exploratory Research 
and Problem Assessment 

Acting Director, Joel A. Sno'.v 
Deputy Director, (Vacant) 
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DivisioN of E)tviro)7mcufal 
Systems aud Resources 

Divisiott Direr /or, Philip 1.. Johnson 

Division of Social Systems and 
Human Resources 

Division Dircclor, Harvey Avcrch 

Deputy Division Director, James D. Cowhi« 

Division of Advanced 
Technology Applications 

Division Dircrtnr, Paul F. Donovan 

Deputy Divisiun Dirtrtur, Lewis G. May field 

Office of Intergovernmental 
Science Programs 

Head, M, Prank Hcrsman 

Deputy Head, Robert C. Crawford 

Management Support Staff 

Head, Thomas W. Aiken 

EDUCATION 

Acting Assistant Director, Keith R. Kelson 
Acting lixectttive Assistant to the Deputy, 

Lyle W. Phillips 
Experimental Project Coordinator, Lafe R. 

Edmunds 
Special Assistant, Albert T. Young 

Division of Graduate 
Education in Science 

Division Director, Howard D, Kramer 
Deputy Division Diri^ctor, Francis G. O'Brien 
Advanced Science Eoucation Program 

Acting Program Director, Francis G. O'Brien 
Graduate Fellowships and 
Trainees! HPS Program 

Program Director, Douglas S. Chapin 
Faculty and Postdoctoral 
Fellowships Program 

Program Director, M, Hall Taylor 
Senior Fellowships Program 

Program Director, Marjory R. Benedict 

Division of Undergraduate 
Education in Science 

Acting Division Director, Alfred F. Borg 
Pre-Service Teacher Education Program 

Program Director, Donald C McGuire 
College Teacher Program 

Program Director, Reinhard L. Korgen 
Undergraduate Instructional Programs 

Program Director, Alexander J. Barton 
Science Course Improvement Program 

Program Director, Jerome Daen 
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College Science Improvement 
Program (A&B) 

Program Director, James C. Kcllctt, Jr. 
College Science Improvement 
Program (D) 

Program Director, James W. Mayo 

Division of Pre-College 
Education in Science 

Division Director, Charles A. Whitmer 
Staff Assistant, Phyllis L. Johnson 
Professional Assistant, Lowell Kraegel 
Summer Study Program 

Program Director, William H. Morrell 
Academic Year Study Program 

Program Director, Michael M, Frodyma 
Pre-Colluge Curriculum and Instruction 
Development Program 

Program Director, Laurence O. Binder 
Student and Cooperative Program 

Program Director, Walter Gillespie 

Division of Science 
Resources Studies 

Division Director, Charles E. Falk 
Deputy Division Director, Thomas J. Mills 
Staff Associate, Robeit W. Brainard 
Special Analytical Staff 

Acting Head, Stanley L, Dolins 
Statistical Surveys and Reports Section 
Head, Kenneth P. Sanow 
Government Studies Group 

Study Director, Benjamin L. Olsen 
Universities and Nonproeit Institutions 
Studies Group 

Acting Study Director, William L. Stewart 
Industry Studies Group 

Study Director, Thomas J. Hogan 
Federal Academic Science Studies Group 

Study Director, William L. Stewart 

Sponsored Surveys and Studies Section 
Head, Robert W, Ciin 
SciENTiric Manpower Studies Group 

Study Director, Norman Seltzer 
Science Education Studies Group 

Study Director, Justin C. Lewis 
National Register Group 

Acting Siitdy Director, J. James Brown 

NATIONAL AND 
INTERNATIONAL PROGRAMS 

Assistant Director, Thomas B. Owen 
Deputy Assistant Director, T, O. Jones 
Executive Assistant, Richard J. Green 
Executive Assistant, Lawrence Cohen 
Special Assistant, Kurt G. Sandved 
Special Assistant, Christof Schubert 

Office for the International 
Decade of Ocean Exploration 

Head, Feenan D. Jennings 

Special Assistant, John R, Twiss, Jr, 

Special Assistant, Robert F, Devereux- 



Office of Oceanograpbic 
Facilities and Support 

Head, Mary K. Johrdc 

Deputy Head, Harold A. Spuhlcr 

Office of Polar Programs 

Head, Joseph O. Fletcher 
Deputy Ileud, Philip M, Smith 
PoLAK, Planning and Coordination Stam- 
Chief, (Vacant) 

POJ.AK hVrORMATlON SERVICE 

Acting Director, Guy G. Guihridge 
Polar Sciunce Section 
Chief Si ienlist, Louis O. Quam 
Polar Atmospheric Sciences 

Program Manager, Raymond R, I leer, Jr. 
Polar Biology and Medicine 

Program Mauu^^er, George A, Llano 
Polar Earth Sciences 

Program Manager, Mortimer D, Turner 
Polar Operations Section 
Section Manager, Price Lewis, Jr. 
Station Project Manager, (Vacant) 

Office of Computing Activities 

//ri;.'/, John R. Pasta 

CoMPUTr.R Scins'cr. a no 

IlNnlNEURING Sl-CTION 
Hnid, K !nl Curtis 

Theoretical Computer Scii-nce Program 
Acting Program Director, Kent Curtis 

SOI-TVARU AND PROGRAMMING 

Systems Program 

Program Director, Thomas A. Keenan 
Computer Systems Design Program 

Program Director, John K. Lehman n 
Computer Innovation in 
Education Section 
Headt Arthur S. Melmed 
Computer Technology and 
Systems Program 

Program Director, Erik D. McWilliams 
Computlr-Orienthd Curricular 
Activities Program 

Program Director, Andrew R. Molnar 
Special Compl'Tinc Projects Program 

Program Director, Lawrence H. Oliver 
Computer Applications in 
Research Section 
Head, D. Don Aufenkamp 
Special Research RnsouRCES Program 

Program Director, Peter Lykos 
Techniques and Systems Program 

Program Director, Gordon R. Sherman 

Office of International 
Programs 

Head, Bodo Bartocha 

Deputy Head, Ernest R. Sohns 

Asian and African Section 
Regional Manager, Max Hellman 
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U.S.-jArAN AND U.S.-Cmina Programs 
Prnj^rartt Martuf^rr, J. E. O'Conndl 

U.S.-AUSTRALIA, InOIA-U.S. EXCHANGE AND 

In'dia Programs 

Prof^ram Manager, Max Hcllman 

KuRori-AN ANn AMERirAN Section 
Rcfiiottal Manager, Richard R. Rics 
U.S. -France and U.S.-Italy Programs 

Program Manaf^cr, Richard R. Rics 
U.S.-RoMANiA, Academy Exchanges, and 
East European Pp.oc.rams 

Prof^ram Matiaf^cr, Robert F. Hull 
U.S.-Spain an'd Latin America 

Program Manager, Duncan Clement 

liVTER NATIONAL ORGANIZATIONS 

Program Manager, Warren Thompson 
Special Horeion Currency Program 

Manager, Raphael R. Ronkin 
Burma, India, Pakistan 

Program Manager, Raphael R. tonkin 
NSF/Tokyo Science Liaison Staff 

Head, Henry Birnbaum 
NSF/New Delhi Science Liaison Staff 

Head, Gordon L. Hiebert 

Depufy Heady Paul O'Connor 

Office of National Centers 
and Facilities Operafio^ts 

Head, Daniel Hunt, Jr. 

Ocean SiiDLMUNT Coring Program 

Fivld Project Officer, Archie R* McLerran 
National Centers for Research and 
Astronomy 

Projecf Management Officer, Gerald F. 
Anderson 

National Center for Atmospheric 
Research 

Pro\ect Officer, Giorgio Tesi 
Solar Eclipse Coordination 

Solar Eclipse Coord inat or ^ Ronald R, 
L^Count 



General Coutiselt William J. Hoff 
Deputy General Counsel, Charles 
F. Brown 



OFFICE OF GOVERNMENT 
AND PUBLIC PROGRAMS 

Director, Clarence C. Ohlke 
Deputy for Goiemnienf Liaison, 

Theodore W. Wirths 
Deputy for Public Programs, 

Edward R. Trapnell 
Speeitil Assistanty Alfred Rosenthal 
Congressional Liaivin Ofmcf 

Head, John B. Talmadse 
Puni.ic Ai FAIRS Office 

Acting Head, Alfred Rosenthal 
Public Understanding of Science Office 

Hciul, Robert F. Wilcox 
Puni.icATioNs Resource Office 

Head, Jack Kratchman 



ADMINISTRATION 

Acting Assistant Director, T. E. Jenkins 
Deputy Assistant Director, T. E. Jenkins 
Special Assistant, Calvin C, Jones 

Administrative Services Office 

Administrative Serfices Officer, Howard Tihila 
Deputy Heady John T. Harrigan 

Audit Office 

Audit Officery Robert B. Boyden 

Management Information 
Office 

Heady George Pilarinos 
Special Assistanty Edgar W. Barrett 
Special Assistant, Richard W. H. Lec 
Assistant Project Officery Harold Sye 



I Management Analysis Office 

managenicnl Analysis Officery Fred Murakami 



Office of Budget, 
Programming and Analysis 

Hvad, Arley T. Bcvcr, Jr. 
Hiadr Budget Office, Wnlton Hudson 
flead. Programming Office, Syl McNinch 
Head, Evaluation Stjff, Harry J. PiccarioIIo 
Head, Planning and Policy Analysis, 
Thomas Ubois 

Personnel Office 

Personnel Officer, Robert T. Preston 

Program Review Office 

Program Rn iew Officer, Lewis P. Jones 

Advisory Coviviittees 
and Panels 

RESEARCH- 

Advisory Committee for Biological 
AND Medical Sciencus 

Robert S. Bandurski 

Department of Botany and Plant Pathology 
Miehigan State University 

Donald D. Brown 
Department of Embryology 
Carnegie Institution of Washington 

Miehael R. D'An^ato 
Department of Psychology 
Rutgers, The State University 

Nelson G. Hairston 
Dircetor, Museum of Zoology 
University of Michigan 

David W. Krogmann 
Department of Biochemistry 
Purdsic University 

Vernon B. Mountcastlc 
Department of Physiology 
Johns Hopkins University 

Lawrence R. Pomeroy 
Department of Zoology 
University of Georgia 

George Saycrs 

Department of Physiology 

Case Western Reserve University 

Sterling Wortman, Jr. 
Vice President 
Roekefelier Foundation 

Charles Yanofsky 

Department of Biological Sciences 

Stanford University 

Advisory Panels for Biochkmistry 
and biophysics 

Raymond F. Gesteland 

Cold Spring Harbor Laboratory 



Office of Science 
Information Service 

Head, Melvin S. Day 

Senior Staff Associate, Andrev/ A. Ames 

Senior Staff Associafey John F. Sterns 

COS AT/, Executive Secretary, Eugene Pronko 

Staff Associate, Lawrence A. Atwell 

Research Program 

Program Director, Edward C. Weiss 
Special Foreign Currency Program 

Acting Program Directory Robert F. Kan 
Information Services Program 

Program Directory Gordon B. Ward 
Information Systems Program 

Program Director, Harold E. Bamford, Jr. 



OFFICE OF GENERAL COUNSEL ' 



Financial Management Office 

Financial Management Officery Kenneth B. 
Foster 

Deputy Heady Howard R. Coppcrman 

Grants and Contracts Office 

Grants and Contracts Officety Wilbur W. 
Bohon, Jr. 

Head, Planning and Policy Staff y Robert D. 
Newton 

Grants Ad minis tra?ory Gaylord L. Ellis 
Special Assistanty Harry Hyman 



Health Service 

Directory James W. Long, M.D. 
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Peter T. Gilham 

Department of Biological sciences 
Purdue Uni uiy 

>X'illiam li. Jakoby 

Section of Kn/ymcs and Cellular Blochcmistpy 
National Institutes of McaltJi 

Thomas C, liruice 
Department of Biochemistry 
University of Cilifomia, «;anta B.irbjra 

C M. Hlrs 

Division of Biological Sciences 
Indiana University 

r. Scolf Mathews 

Deparlm«nt of PhysioIo>;y and Biophysics 
hashing ton University 

Stuart W. Tonenbaum 
Deportment of Microbiology 
Columbia University 
Albert S. Mild van 
Division of Biochemistry 
Institute for Cancer Research 

Aaron J. Shatkin 

Roche Institute of Molecular Biology 

Brian J. McCarthy 
Department of Biochemistry 
University of Washington 

Carl L. Schildkrauc 
Department of Cell Biology 
Albert Einstein College of Medicine 

Thomas E. Thompson 
Department of Biochemistry 
University of Virginia 

Advisory Panel for 
Developmental Biology 

Peter K. Hepkr 

Department of Biological Sciences 
Stanford University 

Howard Holtztr 
Department of Anatomy 
School of Medicine 
University of Pennsylvania 

Russell L. Jones 
Department of Botany 
University of California, Berkeley 

Fotis C. Kafatos 

The Biological Laboratories 

Harvard University 

Leonard Ornstcin 
Director, Cell Research 
Mount Sinai Hospital 

William J. Rutter 

Department of Biochemistry and Biophysics 

San Francisco Medical Center 

University of California School of Medicine 

David R. Sonncborn 
Department of Zoology 
University of Wisconsin 



Advisory Pan* el for Guneral Kcology 

Frank B, Golley 
Director 

National Institute of Ecology 
University of Georgia 

George H. Lauff 
Director 

Kellogg Biological Station 
Michigan State University 

Paul S. Mortin 
Geochronology Laboratories 
University of Arizona 

Gerald J. Paulik 

Director, Center for Quantitative Science and 

Forestry, Fisheries, and Wildlife 
University of Washington 

David E. Reichlc 
Kcological Sciences Division 
Oak Ridge National Laboratory 

Edwin L. Schmidt 
Department of Microbiology 
University of Minnesota Medical School 

Earl L. Stone 
Department oi Agronomy 
Cornell University 

Boyd R. Strain 
Department of Botany 
Duke University 

Carroll B. Willinms 

Forest, Insect, and Disease Laboratory 

Haniden, Conn. 

Advisory Panel for Genetic Biology 

Edward A- Adelberg 
Department of Microbiology 
Yale University 

Gerald Fink 

Division of Biological Sciences 

New York State College of Agriculture 

Cornell University ' 

Burke H. Judd 
Department of Zoology 
University of Texas 

Armin Dale Kaiser 
Department of Microbiology 
University of Minnesota 

David L. Namncy 
Department of Zoology 
University of Illinois 

Rudolf Werner 
Department of Biochemistry 
School of Mrdicine 
University of Miami 

Advisory Panel for Human 
Cell Biology Program 

Paul Berg 

Department of Biochemistry 
Staifofd University 



James E. Darnell 
l^opartmcnt of Biology 
Columbia University 

Gerald Iidelman 
Rockefeller University 

Phillips \V^ Robbins 
Department of Biology 
Massachusetts Institute of Technology 

Villiam S. Sly 

Division of Medical Genetics 

St. Louis Children's Hospital 

Charles Yanofsky 

Department of Biological Sciences 

Stanford University 

Norton D. Zinder 
Rockefeller University 

Bernard Roizman 
Department of Microbiology 
University of Chicigo 

Advisory PanTl for Metaholic Biolocy 

Martin Gibbs 
Department of Biology 
Brandeis University 

Rachmiel Levine 

City of Hope Medical Center 

Alvin Nason 

McCollum-Pratt Institute 
Johns Hopkins University 

Anthony San Pietro 
Department of Botany 
Indiana University 

D. Rao Sanadi 

Department of Cell Physiology 
Boston Biomedical Research Institute 

Salih J. Wakil 

Department of Biochemistry 
Baylor College of Medicine 
Texas Medical Center 

Jack Prciss 

Department of Biochemistry and Biophysics 
University of California, Davis 

Advisory Panel for Neurobiology 

RoLert W. Albcrs 
Laboratory of Neurochcmistry 
National Institutes of Health 

Samuel H. Barondes 
Department of Psychiatry 
University of California, San Diego 

John Lott Brown 

Director, Center for Visual Science 
University of Rochester 

E. M. Eisenstein 
Department of Biophysics 
Michigan State University 
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Peter J. Morganc 

"Vt'orccstcr Foundation for Experimental Biology 

Robert D. Myers 
Department of Psychology 
Purdue University 

Elliot S- Valcnsrcin 
Psychological Laboratories 
University of Michigan 

C. A. G. Wicrsma 
Division of Biology 
California Institute of Technology 

Advisory Panel for Psychobiolocy 
Colin G. Beer 

Institute of Animal Behavior 
Rutgers, The State University 

I.ylc E. Bourne, Jr. 
Department of Psychology 
University of Colorado 

Herbert L. Pick, Jr. 

Institute of Child Development 

University of Minnesota 

Allen W. Stokes 

Dcp.irtment of Wildlife Resources 
Utah Stare University 

Howard C. Rachlin 

Department of Psychology 

State University of New York at Stony Brook 

Donald A. Riley 
Department of Psychology 
University of California, Berkeley 

J. E. Keith Smith 
Department of Psychology 
University of Miehigan 

Advisory Panel for Regulatory Biology 

John Brobeck 
Department of Physiology 
University of Pennsylvania 

George A. Feigen 
Department of Physiology 
School of Medicine 
Stanford University 

Robert D. Lisk 
Department of Biology 
Princeton University 

Takashi Makinodan 

Cellular and Comparative Physiology Braneh 
Gerontology Research Center 

David B. Tyler 
Department of Pharmacology 
College of Medicine 
University of South Florida 

Robert R. Wagner 
Department of'^MicrobioIogy 
University of Virginia 



'G. R. Wyatt 
Department of Biology 
Yale University 

George A. Zcntmycr, Jr. 
Department of Plant Vitl jlogy 
University of California, Riverside 

Advisory Panel for Systematic Biology 

Edward S. Ayensu 
Department of Botany 
Smithsonian Institution 

Charles B. Beck 
Department of Botany 
University of Michigan 

Williatn i. Culberson 
Department of Botany 
Duke University 

Herbert C. Dcssauer 
Department of Bioehemistry 
School of Medicine 
Louisiana State University 

William B. Heed 

Department of Biological Seiences 
University of Arizona 

Paul D. Hurd, Jr. 
Department of Entomology 
Smithsonian Institution 

Paul L. Lent^ 

Plant Science Research Division 
Agricultural Research Service 
U.S. Department of Agriculture 

Robert OrndufF 
Department of Botany 
University of California, Berkeley 

Anthony J. ProvenZano, Jr. 
Institute of Marine Science 
University of Miami 

S. David Webb 

Department of Natural Sciences 
University of Florida 

Advisory Committee for Engineering 
Lynn S. Beedle 

Director, Fritz Engineering Laboratory 
Lehigh University 

Stanley Corrsin 
Department of Mechanics 
Johns Hopkins University 

Daniel C. Drucker 

Dean, College of Engineering 

University of Illinois 

Nancy D. Fitzroy 

General Electric Research and Development 
Center 

Harry C. Gatos 
Professor of Metallurgy 
Massachusetts Institute of Technology 



Arthur E. Humphrey 

Pepartment of ChenTXal Engineering 

Univcrsicy of Pennsylvania 

William K. Linvill 
Chairman 

Pcpartnient of Economic Engineering Systems 
Scanford University 

John J; McKetta, Jr. 
College of Engineering 
University of Texas 

Robert C, Prim 

Communication Principles Division 
Bell Telephone Laboratory 

Rustum Roy 

Director, Materials Research Laboratory 
Pennsylvania State University 

Robert E. Uhrig (Chairman) 
Dean. College of Engineering 
University of Florida 

Advisory Committee for 
Environmental Sciences 

Clarence R. Allen 

Division of Geological Sciences 

California Institute of Technology 

John R, Borchert 
Department of Geography 
University of Minnesota 

Wallace Broecker 

Lamont-Doherty Geological Observatory 
Columbia University 

Edward W. Eager 
Professor of Marine Ecology 
Scripps Institution of Oceanography 
University of California, San Diego 

Allen V. Knecse 

Director, Q^ulity of th" Environment Program 
Resources for «hc Future 

Paul B. MacCready, Jr. 
AeroVironment, Inc. 

Ruth Patrick 

Academy of Natural Sciences 
Philadelphia, Pa. 

■ Robert O. Reid 
Professor of Oceanography and Meteorology 
Texas A&M University 

Elmar R. Rciter 
. Department of Atmospheric Science 
^Colorado State University 

Advisory Panel for ATMosPHEaic ScreNCES 

Kinsey A. Anderson 
Space Sciences Laboratory 
University ct California, Berkeley 

Thomas Neil Davis 
Geophysical Institute 
University of Alaska 



Thomas M. Donahue 
Department of Physics 
University of Pittsburgh 

Hdward S. Epstein 

Department of Meteorology and Oceanography 
University of Michigan 

John Vaughan Evans 

Lincoln Laboratory 

Massachusetts Institute of Technology 

Lewis O. Grant 

Department of Atmospheric Sciences 
Colorado State University 

James E. Jiusto 

Associate Professor of Atmospheric Sciences 
State University of New York at Albany 

Warren M. Washington 

National Center for Atmospheric Research . 
Advisory Panel for Earth Sciences 

Sydney P. Clark, Jr 
Department of Geophysics 
^ ale University 

Robert W, Decker 
Department of Geology 
Dartmouth College 

Robert N. Ginsburg 

School of Marine and Atmospheric Sciences 
University of Miami 

Stanley R. Hart 

Department of Terrestrial Magnetism 
Carnegie Institution of Washington 

Charles E. Helsley 
Division of Geosciences 
University of Texas at Dallas 

Eugene T. Hcrrin, Jr. 
Department of Geological Sciences 
Southern Methodist University 

Clifford A. Hopson 

Department of Geological Sciences 

University of California, Santa Barbara 

Clark Kis.slinger 

Cooperative Institute for Research and 

Environmental Sciences 
University of Colorado 

David M. Raup 
Department of Geology 
University of Rochester 

Charles A. Salotti 

Department of Geological Sciences 

University of Wisconsin 

Advisory Panel for Oceanography 

Glenn A. Cannon 

Pacific Oceanographic Laboratories 

National Oceanic and Atmospheric 

Administration 
Department of Oceanography 
Q ' ersity of Washington 



Dirk Frankenberg 
Department of Zoology 
University of Georgia 

Donn S. Gorsline 
Department of Geology 
University of Southern CaliCrrnia 

John Imbrie 
Department of Geology 
Brown University 

Galen E. Jones 

Jackson Estuarine Laboratory 
L^niversity of New Hampshire 

Michael M. Mullin 

Scripps Institution of Oceanography 

University of California, San Diego 

Worth D. Nowlin, Jr. 
Department of Oceanography 
jTcxas A&M University 

I 

H. Gote Ostlund 

Atmospheric Chemistry and Marine Science 
School of Marine and Atmospheric Sciences 
University of Miami 

William G. Pearcy 
Department of Oceanography 
Oregon State University 

William M. Sackett 
Department of Oceanography 
Texas A&M University 

Theodore J. Smayda 
Narragarsctt Marine Laboratory 
University of Rhode Island 

Richard P. von HerZen 

Department of Geology and Geophysics 

Woods Hole Oceanographic Institution 

Advisory Committee fop. Mathematical 
AND Physical Sciences 

Gerald M. Cicmence 

Yale University Observatory 

Yale University 

Gertrude S. Goldhaber 
Brookhaven National Laboratory 

Lucien LcCam 
Department of Statistics 
University of California, Berkeley 

Leon M. Lederman 
Department of Physics 
Columbia University 

Robert B. Leighton (Vice Chairman) 
Bridge Laboratory of Physics 
California Institute of Technology 

Howard Reiss (Chairman) 
Department of Chemistry 
University of California, Los Angeles 

Stuart A. Rice 
Department of Chemistry 
University of Chicago 
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Alex Rosenberg 
Department of Mathematics 
Cornell University 



Advisory Panel for Astron'omy 

Eleanor Margaret Burbidgc 

Department of Physics 

University of California, San Diego 

James N. Douglas 
Department of Astronomy 
University of Texas 

John E. Caustad 
Astronomy Department 
University of California 

Frank J. Kerr (Chairman) 
Department of Physics md Astronomy 
University of Maryland 

Robert P. Kraft 
Lick Observatory 

University of California, Santa Cruz 

Gerry Neugebauer 

California Institute of Technology 

Jeremiah P. Ostriker 

Princeton University Observatory 

George W. Preston 
Hale Observatory 

Alexander G. Smith 
Department of Physics 
University of Florida 



Advisory Panel for Chemistry 

Ralph N. Adams 
Department of Chemistry 
University of Kansas 

R. Stephen Berry 
Department of Chemistry 
University of Chicago 

Ronald Breslow 
Deparrment of Chemistry 
Columbia University 

Jam-js P. Cullman 
Department of Chemistry 
Stanford University 

John M. Deutch (Chairman) 
Department of Chemistry 
Massachusetts Institute of Technology 

Mary L. Good 
Department of Chemistry 
Louisiana State University 

Ropcrt S. Hansen 
Department of Chemistry 
Iowa State University 

Richard L. Himman (Vice Chairman) 
Tarrytown Technical Center 
Union Oirbide Corporation 
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RoaM I JofTmanrv 
Department of Chemistry 
Cornell University 

William R. Krigbaum 
Department of Chemistry 
Duke University 

Larry L. Miller 
Department of Chemistry 
Colorado State University 

R. S. Porter 

Head. Polymer Science and Engineering 
University of Massachusetts 

Advisory Panel for Mathematicai. 
Sciences 

William J. LeVeque (Chairman) 
Department of Mathematics 
Clarcmont Graduate School and 
University Center 

Gerald J. Lieberman 

Department of Statistics and Operations 

Research 
Stanford University 

Arthur P. Mattuck 
Department of Mathematics 
Massachusetts Institute of Technology 

Anil Nerodc 

Department of Mathematics 
Cornell University 

Richard 5. Palais 
Department of Mathematics 
Brandeis University 

Henry O. Pollak 
Mathematics Research Center 
Bell Telephone Laboratories, Inc. 

Hans F. Weinberger 
Department of Mathematics 
University of Minnesota 

James H. Wells 
Department of Mathematics 
University of Kentucky 

Fred B. Wright 
Department of Mathematics 
University of North Carolina 

Advisory Panel for Physics 

John J. Bahcall 

Institute for Advanced Study 

Princeton, N.J. 

Manfred A. Biondi 
Department of Physics 
University of Pittsburgh 

Charles K. Bockelmati 
J. W. Gibbs Laboratory 
Yale University 



Walter L. Brown 

Bell Telephone Laboratories 

Oven Chamberlain , 
Lawrence Radiation Laboratory' 

W, Dale Compron 
Scientific Research Staff 
Ford Motor Company 

Rodney L. Cool 
Rockefeller University 

Russell J. Donnelly (Chairman) 
Department of Physics 
University of Oregon 

Raymond L. Orbach 

Department of Physics 

University of California, Los Angeles 

John P. Schiffer 
Physics Division 
Argonne National Laboratory 

Alvin W. Trivelpiecc 

Department of Physics and Astronomy 

University of Maryland 



Advisory Committee for Social Sciences 
Peter Blau 

Department of Sociology 
Columbia University 

Philip E. Converse 
Center for Political Studies 
Institute for Social Research 
University of Michigan 

Albert H. Hastorf 

Dean, School of Humanities nnd Sciences 
Stanford University 

David G. Hays 

Chairman of Linguistics Program 

State University of Nev York at Buffalo 

Avram Kisselgoif 
New York, N.Y. 

Laura Nader 

Department of Anthropology 
University of California, Berkeley 

Albert E. Rees 
Department of Economics 
Princeton University 

Eleanor Bernert Sheldon 
Russell Sage Foundation 

James F. Short 

Director, Social Research Center 
Washington State University 

Julian Wolpert 

Department of Regional Science 
University of Pennsylvania 

Robert B, Yegge 
Dean, College of Law 
University of Denver 



Advisory Pan* el for Anthropology 
Brent Berlin 

Department of Anthropology 
University of California. Berkeley 

John Buettner-Janusch 
Department of Anatomy 
Duke University 

Morton H. Fried 
Department of Anthropology 
Columbia University 

Richard B. Lee 

Department of Anthropolojjy 

Rutgers, The State University 

Stuarv Strucvcr 

Department of Anthropology 

Northwestern University 

Douglas R. Whicc 
Department of Anthropology 
University of Pittsburgh 

Richard B. Woodbury 
Department of Anthropology 
University of Massachusetts 

Advisory Panel for Economics 

Henry Aaron 
Brookings Institution 

Martin S. Feldstcin 
Department of Economics 
Harvard University 

Stephen M. Goldfcid 
Department of Economics 
Princeton University 

Robert E. Hall 
Department of Economics 
Massachusetts Institute of Technology 

Anne O. Krueger 
Department of Economics 
University of Minnesota 

Lester G. Tclser 
Department of Economics 
University of Chicago 

Advisory Panel for History and 
Philosophy of Science 

Asger H. Aaboe 

Department of History of Science and Medicine 
Yale University 

Ronald Gtere 

Department of History and Philosophy of 

Science 
Indiana University 

David L. Hull 
Chicago, Ilh 

Ruth B. Marcus 
Department of Philosophy 
Northwestern University 
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Robert Siegfried 

Department of History of Science 
University nf Wisconsin 

Roger H- Stuewcr 

Division of General Education 

Boston University 

Advisory Panel for Political Science 

Bernard C. Cohen 

Department of Political Science 

University of Wisconsin 

Fred Grcenstcin 
Department of Government 
Wesley an University 

Herbert Jacob 

Department of Political Science 
Northwestern University 

H. Douglas Price 
Department of Government 
Harvard University 

Robert O. Tilman 

School of Libera] Arts 

North Carolina Slate University 

Advisory Panel for Social Psychology 

Kenneth Gergen 
Department of Psychology 
Swart hmorc College 

David C. Glass 

Department of Social Psychology 
New York University 

Charles A. Klesler 
Department of Psychology 
University of Kansas 

Seymour Rosenberg 
Department of 'Psychology 
Rutgers, The State University 

Davis O. Scars 
Department of Psychology 
University of California, Los Angeles 

Elaine C. Walstfir 
Department of Sociology 
University of Wisconsin 

Advisory Panel for Sociology 

Thomas J. Fararo 
Department of Sociology 
University of Pittsburgh 

Edward O. Laumann 
Department of Sociology 
University of Michigan 

Charles B. Nam 

Department of Sociology and Anthropology 
Vandcrbilt University 

Stanley H, Udy 
Department of Sociology 
Yale University 



Morris Zclditch, Jr. 
Department of Sociology 
Stanford University 

NATIONAL AND 
INTERNATIONAL PROGRAMS 

Advisory Committee for 
Computing Activities 

Frederick p. Brooks, Jr. 
Department of Computer Science 
University of North Carolina 

Wayne Holtzman (Chairman) 

President, Ho;;?: Foundation for Mcnta! Health 

University of Texas 

Thurston E. Manning 

President, University of Bridgeport 

Dwaine Marvick 

Professor of Political Science 

University of California, Los Angeles 

M. V. Mathews 

Bell Telephone Laboratories, Inc. 
F, A- Matscn 

Department of Chemistry 
University of Texas 

Nicholas C. Metropolis 

Los Alamos Scientific Laboratory 

University of California, Los Alamos 

Louis T. Radcr 
Chairman 

Department of Electrical Engineering 
University of Virginia 

Sally Y. Scdclov 

Computer Science and Linguistics 
University of Kansas 

Laurence H. Tribe 
Professor of Law 
Harvard University 

John R. Meyer 

National Bureau of Economic Research, Inc. 

Advisory Panel for Computer 
Innovation in- Education 

C. Victor Bunderson 
Director 

Institute for Advanced Instructional Design 

C. R. Carpenter 
Department of Psychology ' 
University of Georgia 

David Englcr 

McGraw-Hill Book Company 

Bert Green, Jr. (Chairman) 
Department of Psychology 
Johns Hopkins University 

Thomas F. Green 

Educational Policy Research Center 
Syracuse University Research Corporation 



Thomis E. Kurtz 

Director, Kiewit Computation Center 
Dartmouth College 

Allen Newell 
Schcnicy Park 
Carncgie-Mcllon University 

Robert D. Tschiri;i 

University of California. San Dic^o 

Gerard P. AX'ccj; 

Uircctor, Computer Center 

University ot Iowa 

AnvisORY Panel for Computer 
Science and Knci\ti:rinc 

Alpirdas Avizicnis 
Department of Engineering 
University of California, Los Angeles 

C. Gordon Bell 

Computer Science Department 
Carncijic-Mellon University 

Peter J. Denning 

Department of Electrical Hngineering 
Princeton University 

Lloyd D. Fosdick 

Department of Computer Science 

University of Colorado 

Bernard A. Galler 
Computing Center 
University of Michigan 

John E. Hopcroft 

Department of Computer Sciencf? 

Cornell University 

Donald E. Knuth 

Computer Science Department 

Stanford University 

Marvin L. Minsky 

Massachusetts Institute of Technology 
James E. Thornton 

Vice Px-esident, Advanced Design Laboratory 
Control Data Corporation 

Advisory Panel for the International 
DncADir or Ocean Exploration 

R. Buckminster Fuller 
Carbondale, III. 

Edvard Goldberg 

Scripps Institution of Oceanography 
University of California, San Diego 

William J. Hargis, Jr. 
Director 

Virginia Institute of Marine Science 

Francis 1. LaQue 
Verona, N.J. 

Thomas F. Malone 
Graduate School 
University of Connecticut 
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Arthur E. Maxwell 

Woods Hole Oceanographic Institution 

Henry W. Menard 

Scripps Institution of Oceanography 

University of California. San Diego 

>OC'illiam W. Rand 

President (Retired) . Submarex 

John H. Ryther 

VC'oods Hole Oceanographic Institution 

E. C. Stephan 
Ocean Systems^ Inc. 



Advisory Panel roR the International 
Decade or Ocean Exploration 
SciLNTiFic North Pacu ic Experiment 

Nicholas FofonofT 

Woods Hole Oceanographic Institution 
Heinz G. Fortak 

Institut fur Theoretische Meteorologie 

der Ferien 
Universitate Berlin (Germany) 

\i*alter Munk 
Department of Geophysics 
University of California, San Diego 

Gerhard Neumann 

Department of Meteorology and Oceanography 
New York University 

Worth D. Nowlin, Jr. (Chairman) 
Department of Oceanography 
Texas A&M University 

Joseph P. Pandolfo 

The Center for the Environment and Man, Inc. 
Bruce Warren 

Woods Hole Oceanographic Institution 



Advisory Panel for Polar Programs 

William S. Bcnninghoff 
Department of Biology 
University of Michigan 

Robert F. Black 
Department of Geology 
University of Connecticut 

Heinz H/Lcttau (Chairman) 

Department of Meteorology and Space Science 

University of Wisconsin 

Ernst Stuhlinger 

Associate Director for Science 

George C. Marshall Space Flight Center 

National Aeronautics and Space Adm'nistrvion 

Bruce A. Warren 

Department of Physical Oceanography 
Woods Hole Oceanographic Institution 



Advisory Panel for Ship 
Construction Reviev 

Ted Chwirut 

Chief. Division of Small Ships 
Office of Ship Construction 
.Maritime Administration 

Arthur F. Low 

National Ocean Survey 

\ational Oceanic and Atmospheric 

Administration 
U.S. Department of Commerce 

Stewart Nelson 

Special Assistant for En vironmcntal Quality 
Office of the Oceanographer of the Navy 

Lawrence Glosten 

L. E. GlostLn and Associates, Inc. 

Advisory Panel for Ship Materials 

John Der.nody 

Division of Marine Resources 

University of Washington 

John C. Dullaghan, Jr. 
Office of the Marine Superintendent 
Scripps Institution of Oceanography 
University of California^ San Diego 

James Gibbons 

School of Marine and Atmospheric Sciences 
University of Miami 

Jonathan Leiby 

>X''oods Hole Oceanographic Institution 

Lewis Newton 

Marine Superintendent 

Texas A&M Research Foundation 

Advisory Panel for Ship 
Operations Review 

Jolin Imbric 
Department of Geology 
Brown University 

George Keller 
Marine Geology 

Atlantic Oceanographic Laboratories 
David W. Menzel 

Skidaway Institute of Oceanography 
Joseph Reid 

Scripps Institution of Oceanography 
University of California, San Diego 

William M. Sackett 
Department of Oceanography 
Texas A&M University 

Proposal Review Panel 
FOR THE International Decade 
OF Ocean Exploration 

John I, Ewing 

Lamont-Doherty Geological Observatory 
Columbia University 



Donald V. Hansen 

.Atlantic Oceanot;raphic Laboratories 

National Oceanic and Atmospheric 

Administration 
U.S. Department of Commerce 

Georj;e Keller 

.•\tlantic Oceanographic Laboratories 
National Oceanic and Atmospheric 

Administration 
U.S. Department of Commerce 

Victor Linncnbom. Jr. 
Naval Research Laboratory 

David W. Menxel 

Skidaway Institute of 'Oceanography 
Joseph L. Reid 

Scripps Institution of Oceanography 
University of California. San Diego 

John H. Steele 
Marine Laboratory 

John W. Winchester 
riorida State University 



Science Information Council 

Martin M. Cummings 
Director 

National Library of Medicine 

Victor J. Danilov 
Vice President 

Museum of Science and Industry 
Melvin S. Day 

Head, Office of Science Information Service 
National Science Foundation 

Bowen C. Dees 
President 

The Franklin Institute 

Amitai W. Etzioni 
Center for Policy Research 

Herman H. Fussier 

The Graduate Library School 

University of Chicago 

Robert E. Gordon (Chairman) 
Vice President for Advanced Studies 
University of Notre Dame 

W. Conyers Herring 

Bell Telephone Laboratories 

Donald J. Hillman 

Director, Center for Information Science 
Mart Library 
Lehigh University 

William F. Miller 

Vice President and Provost 

Stanford University 

L. Quincy Mumford 
The Librarian of Congress 



John W. Murdock 

Associate Manager, Department of Economics 

and Information Research 
Battcllc Memorial Institute 

John Shcrrod 

Director, National Agricultural Library 
U.S. Department of Agriculture 

Irene B. Taeubcr 
Senior Research Demographer 
Office of Population Research 
Princeton University 

F. Karl ^^illcnbrock 

Director, Institute of Applied Technology 
National Bureau of Standards 
U.S. Department of Commerce 

RESEARCH APPLICATIONS 

Advisory Committee for 
Research Applications 

Raymond Bard 
Vice President 
Medical College of Georgia 

Raymond Bauer 

Professor of Business Administration 
Harvard Business School 
Harvard University 

Raymond Bowers 
Professor of Physics 
Cornell University 

James S. Bethel 

Dean, College of Forestry 

University of Washington 

Eugene Callender 

Executive Director 

New York Urban Coalition, Inc. 

Charles Hamilton 

Professor of Political Science 

Columbia University 

Arthur Naftalin 
Professor of Public Affairs 
University of Minnesota 



Harvey S. Perloff 

Dean, School of Architecture and Urban 

Planning . 
University of California, Los Angeles 

Gerard A. Rohlich 

Department of Civil Engineering 

University of Texas 

Howard Taubenfeld 

Professor of Law 

Southern Methodist University 

John Truxal 

Dean of Engineering 

State University of New York at Stony Brook 



SCIENCE EDUCATION 

Advisory Committee for 
Science Education 

Dwight William Allen 
Dean, College of Education 
University of Massachusetts 

H. Ruissell Beatty 
Quincy, Mass. 

Rita R. Colwell 
Department of Biology 
Georgetown University 

M. Ann Grooms 
President 

Educational Services Institute, Inc. 
N. B. Hannay 

Executive Director, Research-Materials Division 
Bell Telephone Laboratories 

M. R. Lohmann 

Dean, College of Engineering 

Oklahoma State University 

J. Ross Macdonald 
Vice President 

Corporate Research and Engineering 
Texas Instruments, Inc. 



J. Stanley Marshall 
President 

Florida State University 

Lucius H. Pitts 
President 
Paine College 

Donald Stotler 
Director 

Environmental Education Clearinghouse 
School of Education 
Portland State University 

Allen F. Strehler (Chairman) 
Dean of Graduate Studies 
Carnegie-Mcllon University 

Advisory Committee i-or Planning 
Yale Brozen 

Graduate School of Business 
University of Chicago 

Hcrlicrt S. Gutowsky 

Director, School of Chemical Sciences 

University of Illinois 

Emmanuel G. Mcsthene (Chairman) 
Harvard University 

Richard R. Nelson 
Department of Economics 
Yale University 

David S. Potter 

Chief Engineer, Dcico Electronics 
Division of General Motors 

George T. Reynolds 
Department of Physics 
Princeton University 

Robert L. Sproull (Vice Chairman) 
President 

University of Rochester 

Alvin M. Weinberg 
Director 

Oak Ridge National Laboratory 

Aaron B. Wildawsky 

Dean, Graduate School of Public Affairs 

Univefsity of California, Berkeley 
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Orgcvjizafiou Changes 
aud Appohitmoiis 

Office of the Director 

Dr. H. Guyford Stcvcr was appointed by the 
President as Director of the National Science 
Foundation. Dr. Stcvcr, formerly the President 
of Carnepie-Mellon University, took the oath 
ol office as Director on February 1, 1972. 

Dr. William D. McEIroy. who had been the 

Director of the Foundation since July 14, 

1 969, resigned to become Chancellor of the 
University of California, San Diego, 

Se\ ■era! changes occurred affecting the Direc- 
tor's Staff Assistants. Dr. J. Merton England, 
who had been serving as Executive Assistant 
to the Assistant Director for Institutional Pro- 
grams, was appointed Special Assistant, and 
Mr. Charles Maechling, Jr., formerly the 
Deputy General Counsel, was also assigned to 
the Director's Office as Special Assistant. 

Research and Development 
Studies Group 

The Director established a Research end Devel- 
opment Studies Group on May J, 1972, which 
is responsible for orjianiz.ation and planning 
efforts leading to the implementation of two 
new fiscal year 1973 programs — the R&D 
Assessment Program and the Experimental 
R&D Incentives Program. 

Assistant Director for Research 

A new Division of Materials Research was 
established in the directorate in July 1971, 

Assistant Director for Research 
Applicattons 

A new Office of Systems Integration and 
Analysis was established in the directorate in 
December 1971. 

Assistant Director for 
Administration 

A new Management Information Office was 
established in May 1972. This office combines 
the functions of the Management Information 
Systems Project and the Data Management 
Systems Office. 



Assistant Director for 
Institutional Programs 

The Directorate for Inscivutional Programs was 
disestablished in January 1972. The residual 
activities of the directorate w;.re transferred 
to the Grants and Contracts Office (.adminis- 
tration Directorate). 

Staff Changes 

In addition to the appointments mentioned 
above, the following key staff appointments 
were announced during the year. 

Keith R. Kelson, Acting Assistant Director for 
Education. « 

Thomas E. Jenkins, Acting Assistant Director 
for Administration. 

Bodo Bjrtocha, Head, Office of International 
Programs. 

Harold Vi*. Paxton, Director, Division of 
Materials Research. 

Frederick H. Abcrnathy, Director, Division of 
Engineering. 

Philip L. Johnson, director. Division of En- 
vironmental Systems and Resources. 

Sidney Sternberg, Deputy Assistant Director 
for Research AppIica»^'ons. 

George Pilarinos, Head, Management Informa- 
tion Office. 

Fred K. Murakami, Head, Management An- 
alysis Office. 

Resignations 

Leon Schwartz, Deputy Assistant Director for 
Program Management, Research Applications 
Directorate, left the Foundation to accept 
the position of Assistant Director for Ad- 
ministration, National Institutes of Health. 

Lloyd G. Humphreys, Assistant Director for 
Education, left the Foundation to accept a 
position as Professor of Psychology at the 
University of Illinois. 

Franklin C. Sheppard, Acting Deputy Assistant 
Director for Administration, retired from 
Federal service after more than 20 years 
with the Foundation. 

Louis Levin, Special Assistant to the Director, 
left the Foundation to accept the position 
of Special Consultant to the President of 
Texas Tech University, 



David E. Rycr, Special Assistant to the Di- 
rector, left tiie Foundation to accept the 
position of Assistant Chjncellor at the 
University of California, San Diego. 

Douglas L. Brooks, Special Assistan: to the 
Director, left the Foundation to accept the 
position of Executive Director of the Na- 
tional Advisory Committee on Oceans and 
Atmosphere, Department of Commerce. 

Bernard Sisco, Special Assistant to the Director, 
left the Foundation to accept the position 
of Vice Chancellor for Administration at 
the University of California, San Diego. 

Chances in the National Science Board 

The terms of the following seven members of 
the National Science Board expired on May 10, 
1972: Dr. Charles F. Jones (Vice Chairman 
of the Board, Humble Oil & Refining Co., 
Houston, Tex.); Dr. Thomas F. Jones, Jr. 
(President, University of South Carolina) ; Dr. 
Robert S. Morison (Professor of Science and 
Society, Program on Science, Technology, and 
Society, Cornell University); Dr. E. R. Piore 
(Member, Board of Directors, International 
Business Machines Corp., Armonk, N.Y.) ; Dr. 



Joseph M. Reynolds (Boyd Professor of Physics 
and Vice President for Instruction and Re- 
search, Louisiana State University); Dr. Athel- 
stan F. Spilhaus (Fellow, Woodrow Wilson 
International Center for Scholars, Smithsonian 
Institution, Washington, D.C.); and Mr. Rich- 
ard H. Sullivan (Assistant to the President, 
Carnegie Corp. of New York). 

T]y: following changes occurred in the institu- 
tional affiliations and academic positions of 
certain members: Dr. H. Guyford Stever, from 
President, Carnegie-Mellon University, to Di- 
rector, National Science Foundation (Dr. 
Stever's term on the Board was to expire on 
May 10, but he resigned to become Director); 
Dr. William D. McElroy resigned as Director, 
National Science Foundation; Dr. R. H. Bing 
spent the academic year as Visiting Professor 
of Mathematics, University of Texas at Austin; 
Dr. H. E. Carter, from Vice Chancellor of 
Academic Affairs, University of Illinois, to 
Coordinator of Interdisciplinary Programs, 
University of Arizona; and Dr. Roger W. 
Heyns, from Professor of Psychology and 
Education, Department of Psychology, Uni- 
versity of Michigan, to President, American 
Council on Education, Washington, D.C. 
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Appendix C 



ERIC 



Salaries and Expenses Appropriation 

Fund Availability 

Fiscal year 1972 appropriation jrig nno OOn 

Unobligated balance carried forward from fiscal year 1971 10 355 742 

Transfer to GSA for rent 881345 

Fiscal year 1972 availability ' — 



o , *,r ''St Obligations 

Scientific research project support: 

Atmospheric sciences 

Earth sciences 

Oceanography 

Biological sciences 

Physics 

Chemistry . , ... 

Astronomy 

Mathematical sciences 

Social sciences 

Engineering 

Materials research 

Subtotal, scientific research project support 

National and special research programs: 

International biological program 

Global atmospheric research program 

International decade of ocean exploration ... 

Ocean sediment coring program 

Arctic research program . .. 

U.S. Antarctic research program 

Oceanographic facilities and support 

1973 Solar eclipse (Logistic support) 

Subtotal, national and special research progr- ns 

National research centers: 

National Astronomy and Ionosphere Center at Areclbo . 

KItt Peak National Observatory 

Cerro-Tololo Inter-Amerlcan Observatory 

National R»><jlo Astronomy Observatory 

National Cerier for Atmospheric Research 

Subtotal, national research centers 

Computing activities „ 

Science Information activities 

International cooperative scientific activities 

Research applied to national needs; 

Advanced technology applications 

Environmental systems and resources 11 

Social systems and human resources 

Exploratory research and problem assessment 

Subtotal, rotearch applied to national needs 

Intergovernmental science nrogram 

Institutional improvement for science 

Graduate student support _ 

Science education Improvement 

Planning and policy studies _ 

Program development and management „ 

Subtotal ^ 

Unobligated balance carried forward to fiscal year 1973 . 
Total 



Scientific Activities 

(Special Foreign currency) Appropriation 

Fiscal year 1972 appropriation 



Total obligations for fiscal year 1972 

Balance lapsing 

Total „ 



Receipts 
Obligations 



Trust Fund 

Receipts 

Unobligated balance brought forward from fiscal year 1971 ^ 

Donations from private sources „ '..'„ .*] 

Total availability « 

Obligations 

Total availability ^ 

Uss unobligated balance carried forward 'toTflKai yearl973TJr!r! 
Total obligations * 



$11,705,659 
9,482,832 
12,550,143 
54,001,038 
33,276,917 
24,521,802 
8,008.244 
13.746,300 
22,454,380 
25,432,529 
33.394.568 



% 9,443,625 
2,391,013 
19,671,443 
9,257,608 
3,544,029 
27,000.239 
14,522,578 
55,166 



$ 4.687,500 
7,699,881 
2,500,000 
6,669.900 
_ 18,177,416 

$20,915,968 
9,710,922 
4.244.813 

18,913.508 
19,448,881 
10,719,202 
4,685,298 

_$ 1.078,003 
_20.961.406 
_20.339,901 
65,016,034 
2,929,466 



24,562.052 



$629,267.397 



$248,574,412 



$ 85.885701 



$ 53,766.889 



$597.720.263 
$629.267.397 



$ 3,000,000 



$ 2.999.598 
402 

$ 3fOOQ.O0Q 



4,802 
1,646 



6,448 
5,189 
1,289 



'rom 
led by the 
H /i i/ce l omulafiof! 

The Foundation, since its last an- 
nual report, has received notification 
of the issuance of the following seven 
patents by the U,S, Patent Office 
covering inventions arising out of 
Foundation-supported activities on 
each of which the U.S. Government 
has received a nonexclusive, irrevoca- 
ble, nontransferable, paid-up, world- 
wide license: 

Patent No. 3,569,754 entitled "Pulse and Fre- 
quency Counter" was issued on March 9, 1971, 
on an invention made by Gary L. Samuelson 
and David C. Ailton in the course of research 
supported by a grant to the University of 
Utah. The invention is a compact, multi- 
purpose counter constructed by interconnect- 
ing two solid state decimal counters with a 
solid state switching circuit constructed by 
inverting NOR gates. 

Patent No. 3,601,607 entitled "Step-Scanning 
System for Mass Spectrometer" was issued on 
August 24, 1971, on an invention made by 
Jcrald Wasserburg, Curtis A, Bauman, Emil V. 
Neno, and Dimitri A, Papanastassiou in the 
course of research supported by a grant to the 
California Institute of Technology. The inven- 
tion is a single focusing 60° sector magnet 
mass spectrometer. 

Patent No. 3,607,700 entitled "Electrode for 
Measuring Potassium and Other Specific Ion 
Contents" was issued on September 21, 1971, 
and Patent No. 3,616,409 entitled "Electrode 
System for Measuring Ion Activities in Stream 
or Sample" was issued on October 26, 1971, on 
inventions made by Daniel C, Tosteson in the 
course of research supported by a grant to 
Duke University, The inventions relate to the 
measuring of the activity of a particular 
chemical species of ion in an aqueous solution. 

Patent No. 3,627,404 entitled "Electrical 
Focusing Device" was issued on December 14, 
1971, on an invention made by Wen-Chung 
^J/ang in the course of research supported by 
a grant to the Polytechnic Institute of Brook- 
lyn. The invention relates to the focusing of 
light by electrical means. 



Patent No. 3.64 3.1 84 crKiikd "Multi-port 
Feedback and Pole-7crr ntroi" was issued 
on February 15. I^;:, in invcruion made 
by John R. D'Alcssandrn m the course of 
research supported by a grant to Columbia 
University. The apparatus and methods dis- 
closed under the patent allow the critical fre- 
quencies (pole*; and zeros) to be independently 
controlled by applying state-variable feedback 
techniques to both the external and internal 
ports of an arbitrary linear, passive and time- 
invariant network (system). 

Patent No. 5,657,083 entitled "Disc Jet Elec- 
tropolishing Method and Apparatus" was issued 
on April 18, 1972, on an invention made by 
John M. Larson, Douglas Hugh Polonis, and 
Raymond Taggart in the course of research 
sponsored by a grant to the University of 
V(^ashington. The invention is a jet electro- 
polishing apparatus and method for prepara- 
tion of thin foil specimen discs for transmis- 
sion electron microscopy. 

The Foundation, since its last an- 
nual report, has also received notifica- 
tion of the issuance of the following 
two patents by the U.S. Patent Office 
covering inventions arising out of 
Foundation-supported activities which 
the inventors have assigned to the U.S. 
Government as represented by the 
National Science Foundation: 

Patent No. 3,524,609 entitled "Method and 
Apparatus for Launching Balloons" was issued 
on August 18, 1971, on an invention made by 
John W. Sparkman and William E. Humphrey 
in the course of research supported under a 
contract with the University Corporation for 
Atmospheric Research at the National Center 
for Atmospheric Research, Boulder, Colo. The 
invention relates to an apparatus for launching 
balloons which may carry scientific instru- 
ments and other equipment for meteorological 
and other atmospheric experiments. 

Patent No. 3,613,992 entitled "Weather Modi- 
fication Method" was issued on October 19, 
1 971, on an invention made by Robert C. 
Knollenberg in the course of research supported 
under a contract with the University Corpora- 
tion for Atmospheric Research at the National 
Center for Atmospheric Research, Boulder, 
Colo, The invention provides a method for 
producing rain or snow from natural atmo- 
spheric clouds using seeding agents character- 
ized by a high solubility in water and a large 
endothermic heat of solution in water. 



Publica/ions of the 'National 
Fiscal Year J 



1 Research Applied to National Needs 
(RANN), Interim Description and 
Guidelines for Proposal Preparation 
(NSF 71-21) 

2 National Science Foundation Guide 
TO Programs (NSF 71-22) 

3 Mosaic, Vol, 11, No. 2 (NSF 71-23) 

4 Science Resources Studies Highlights: 
"Federal R&D Funding Shows Upward 
Trend" (NSF 71-24) 

J An Analysis of Federal R&D Funoin<; 
BY Budget Function, 1960-72 (NSF 
7N2J) 

6 Science Resources Studies Highlights: 
"Unemployment Rates for Scientists, 
Spring 1971" (NSF 71-26) 

7 Graduate Student Support and Man- 
power Resources in Graduate Science 
Education, Fall 1 970 (NSF 71-27) 

8 Federal Support to Universities, Col- 
leges, AND Selected Nonprofit Insti- 
tutions, Fiscal Year 1970 (NSF 71-28) 

9 Engineering Research Initiation 
Grants (NSF 71-29) 

10 Science Resources Studies Highlights: 
"Enrollments Increase in Science and 
Mathematics in Public Secondary Schools 
1 948-49 to 1969-70" (NSF 71-30) 

11 Mosaic, Vol, II, No. 3 (NSF 71-31) 

12 Science Resources Studies Highlights: 
"Estimated Academic R&D Direct Price 
Trends JO Percent Higher Over Decade 
1961-71" (NSF 71-32) 

13 Science Resources Studies Highlights: 
"Unemployment Rate for Engineers, June- 
July 1971" (NSF 71-33) 

14 International Decade of Ocean Ex- 
ploration (NSF 71-34) 

M Federal Funds for Research, Devel- 
opment, AND Other Scientific Activi- 
ties, Fiscal Years 1970, 1971, 1972, 
Vol. XX (NSF 7I-3J) 

16 Grants for Improving Doctoral Dis- 
sertation Research in the Field 
Sciences (NSF 71-36) 

17 Grants for Improving Doctoral Dis- 
sertation Research in the Social 
Sciences (NSF 71-37) 

18 Course Content Improvement Pro- 
gram (NSF 71-38) 

19 Science Rf.sources Studies Highlights: 
"Industrial R&D Spending, 1970" (NSF 
71-39) 

20 Mosaic, Vol. II, No. 4 (NSF 71-40) 

21 India-United States Exchange of Sci- 
entists (NSF 71-41) 

22 Science Resources Studies Highlights: 
"Undergraduate Enrollments in Science 
and Engineering" (NSF 71-42) 

23 Research Applied to National Needs 
(NSF 71-43) 



24 Nation'al Science Foundation Spfciai. 
FoRTiGN Currency Program for Re- 
search, Scir.NCE Education and Rk- 
i.ATrD AcTiviTir.s (NSF 71-44) 

2 5 American Scilnce Maxpovter, 1970 

(NSF 71-4?) 

26 Scientists and Enctinefrs in Economic 
Development Program (NSF 71-46) 

27 Science Ri-souRcr.s Studifs Migiii.ichts: 
"Federal Scientific, Technical, and Health 
Personnel in 1970" (NSF 71-47) 

28 The Role of Engineers and Scif.ntists 
IN A National Policy for Technology 
(NSB 72-1) 

29 Twenty-First Annual Report, 1971, 
National Science Foundation (NSF 
72-1) 

3 0 Grants and Awards, 1971, National 

Science Foundation (NSF 72-2) 

31 National Science Foundation Data- 
book (NSF 72-3) 

32 Intergovernmental Science Program 
(NSF 72-4) 

33 Administrative Guide for the 1972 
National Science Foundation Grad- 
uate Trainkesiiip Program (NSF 72-J) 

34 Publications of the National Sci- 
ence Foundation (NSF 72-6) 

3 J Grants for Education in Science 
(NSF 72-7) 

36 1972-73 Directory, In-Service Insti- 
tutes FOR SnCONDARY ScHOOL TfACHERS 

AND Supervisors of Science, Mathe- 
matics, AND Jwnnvni. Sciences (NSF 
72-8) 

37 Inventory or ^Computers in U.S. 
HicHER Educjcdieik 1969-70, Utiliza- 
tion AND REn^rmn Degree Programs 
(NSF 72-9) 

38 Mosaic, Vol. Ill, No. 1 (NSF 72-10) 

3 9 Supplementary Information for the 

Support of Rfsearch Workshops and 
Symposia (NSF 72-1 1 ) 

40 Institutional Grants for Science 
(NSF 72-12) 

41 National Science Foundatiun Special 
Foreign Currency Program for Re- 
search, Science Education and Re- 
lated Activities (NSF 72-13) 

42 Cooperative Science Programs: Roma- 
nia, Hungary, Czechoslovakia, Bul- 
garia (NSF 72-14) 

43 MosaiCt Vol. Ill, No. 2 (NSF 72-1 J) 

44 National Science Computer Network 
(NSF 72-16) 

4 J National Patterns of R&D Re- 

sources, Funds and Manpower in the 
United States, 190-72 (NSF 72-300) 

46 Federal Funds for Academic Science, 
Fiscal Year 1970 (NSF 72-301) 

47 Science Resources Studies Highlights: 
"Manpower and Financial Resources Allo- 
cated to Academic Science and Engineer- 
ing Activities, 196^-71" (NSF 72-302) 

48 Papers and Proceedings of a Collo- 
quium ON R&D AND Economic 
Growth/Productivity (NSF 72-3 03) 



APPHNDICIiS /(;/ 



49 Scientific Human Resources: Profiles 
AND Issues (NSF 72-304) 

yO Science Resources Studies HiGHi.ionTs: 
"Functions Other than Defense and Space 
Show Rising Share in Federal R&D 1 ^ 
pcnditurcs" (NSF 72-30^) 

n Science Resources Studies Hicj nrs: 
"Total Scientific and Teclinical Vn uul 
in Industry Remains Level, R&D IVrsoii' 
nel Lower in 1970" (NSF 72-306) 

52 Unemployment Rates and Employ- 
ment Characteristics for Scientists 
AND Engineers, 1971 (NSF 72-3 07) 

n Science Resources Studies Hicmlicmts: 
"First-Year, Full-Time Graduate Science 
Enrollment Continues to Decline" (NSF 
72-308) 

H Research and Development in In- 
dustry, 1970. Funds, 197 0; Scientists 
AND Engineers, January. 1971 (NSF 
72-309) 

A Price Index for Deflation of Aca- 
demic R&D Expenditures (NSF 72- 
310) 

56 Science Resources Studies Highlights: 
"Changes in Graduate Programs in Science 
and Engineering, 1970-72 and 1972-74" 
(NSF 72-311) 

y7 Initial Reports of the Deep Sea 
Drilling Project, Vol.^OT (NSFSP-7) 

yS Initial Reports of ttbie Deep Sea 
Drilling Project, Vol mi (NSFSP-8) 

y9 Initial Reports of t»e Deep Sea 
Drilling Project, Vol. ilS (NSFSP-9) 

60 Initial Reports of Deep Sea 
Drilling Project, Vo1.:S::((NSFSP-10) 

61 Initial Reports of -jmE Deep Sea 
Drilling Project, Vol. ^SIT (NSFSP-1 1 ) 
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Nir/i^)jnd Rait'urrb Caiicrs 

Associated Universities, Iiu . (AUI) 
Gerald F. Tape, I'residcm 

N.itIonal Radio Astronomy Observatory 
D.ivid S. Ikcschcn, Director 

AUI Member Universities; 

Columbia University 

Cornell University 

I Livvard University 

Tbe Johns Mopkins University 

Massachusetts Institute of Technology 

University of Pennsylvania 

Princeton University 

University of Rochester 

Yale University 

Association of Universities for Research in 
Astronomy, Inc. (AURi^ 
Gilbert Lee, President 

fUjrro Tololo Inzer-American 0"r>r?r^irory 

Victor M. Blanco, Director 
firct Peak National Observatory 

I_cn Goldberg, Director 

.32aDRA Member Universities; 
University of Arizona 
California Institute of Technolog^v 
University of California 
University of Chicago 
Harvard University 
Ineitana University 
University of Michigan 
Ohio State University 
Princeton University 
University of Texas at Austin 
University of Wisconsin 
Yale University 

Cornell University 

W. Donald Cooke, Vice Prcsli^CTC for 
Research 



National Astronomy and Ionosphere Center 
Frank D. Drake. Director, Ithaca. N.Y. 
Tor Haqfors, Director. Observatory 
Operatinns, Arecibo. Puerto Rico 

University Corporation for Atmospheric 
Research (UCAR) 
Walter Orr Roberts, President 

National Center for Atmospheric Research 
John W. Firor, Director 

UCAR Member Universities; 

University of Alaska 

University of Arizona 

California Institute of Technology 

University of California 

The Catholic University of America 

University of Chicago 

Colorado State University 

University of Colorado 

Cornell University 

University of Denver 

Florida State University 

Marvard University 

University of Hawaii 

The Johns Hopkins University 

University of Illinois at Urbana Champaign 

Univcxsity of Maryland 

Massacliusetts Institute of TechnfliajBf 

McGill. University 

University of Miami 

University of Michigan 

University of Minnesota 

University of Missouri 

University of Nevada 

New York University 

State University of New York at AlhaciT>* 

University of Oklahoma 

Oregon State University 

Pennsylvania State University 

Purdue University 

Saant Louis University 

Texas A&M University 

University of Texas 

University of Toronto 

Utah State University 

University of Utah 

University of Washington 

University of Wisconsin 
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